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Ein Studienuberblick:
Ein Uberblick Uber die
Auswirkungen von
Autophagie und
Spermidin auf alters-
bedingte Krankheiten

Die genannten Studien sind nur
eine kleine Auswahl an wissen-
schaftlichen Studien Uber
Spermidin. Eine grofRere
Auswahl befindet sich am Ende
dieser Prasentation.

Neurodegeneration "**

* Schutz vor kognitivem Abbau

* Vorbeugung von Demenz
und Alzheimer

* Verringerung von
Entzindungsfaktoren

Metabolismus "2

* Forderung des Fettstoff-
wechsels

» Starkung des Immun-
systems

N

27

Herz-Kreislauf-Systems *“>°

» Senkung des Bluthochdrucks

« Kraftigung des Herzmuskels

» Vorbeugung von Herzinsuf-
fizienz

* Erhéhung der Zellatmung

Altern und Langlebigkeit *"

* Verringerung von alters-
bedingten Krankheiten

* Verlangerung der gesunden
Lebensspanne



Spermidin fordert die
Regeneration von
Zellen nach starker
Belastung

Die genannten Studien sind nur
eine kleine Auswahl an wissen-
schaftlichen Studien uber
Spermidin. Eine grofRere
Auswahl befindet sich am Ende
dieser Prasentation.

Studie zur Muskelregeneration:

Eine Studie von Eisenberg et al. (2009) zeigt, dass Spermidin die Autophagie
stimuliert und dadurch die Regeneration von Muskelzellen nach Verletzungen
fordert. Dies kdonnte fur Sportler von Vorteil sein, da Muskelregeneration nach
intensiven Trainingseinheiten wichtig ist.

Verbesserung der Herz-Kreislauf-Gesundheit:

Eine Studie von Madeo et al. (2018) legt nahe, dass Spermidin die Herz-Kreislauf-
Gesundheit verbessern kann, was indirekt die sportliche Leistung und Regeneration
unterstUtzen konnte. Ein gesundes Herz-Kreislauf-System ist entscheidend fur die
Erholung nach dem Sport.

Reduktion von Entziindungen:

Forschungsergebnisse, wie die von LaRocca et al. (2013), deuten darauf hin, dass
Spermidin entzindungshemmende Eigenschaften hat. Entzindungen sind ein
naturlicher Teil der Regenerationsprozesse nach dem Sport, aber eine Ubermafige
EntzUndung kann die Erholung verzégern. Spermidin konnte helfen, diese
EntzUndungen zu regulieren.

Zellulare Gesundheit und Langlebigkeit:

Eine Ubersichtsarbeit von Eisenberg et al. (2016) beschreibt, dass Spermidin die
Lebensdauer von Zellen verlangern und ihre Gesundheit fordern kann. Dies konnte
langfristig auch die Fahigkeit des Korpers verbessern, sich nach sportlicher
Belastung zu regenerieren.

19. Barddcz S, Duguid TJ, Brown DS, et al. The importance of dietary polyamines in cell
regeneration and growth. Br J Nutr. 1995;73(6):819-828. DOI: 10.1079/bjn19950087
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Ubersicht liber
publizierte und
laufende klinische
Studien mit
spermidineLIFE®
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Publizierte Studien zu
spermidineLIFE®

« Toxikologische Studie und Sicherheit des Produktes spermidinelIFE®:

* SmartAge - Studie untersucht die positive Wirkung von Spermidin
auf die Gedachtnisleistung von alteren Menschen. In Zusammen-

arbeit mit der Charité Berlin.
Protokoll:
Erste Teilergebnisse:

* Hippocampus-Volumen und allgemeine ,Gehirn-Gesundheit”

auf Basis von Kohorten der SmartAge Studie:

» Pflegepatienten Studie an den Geriatrische Gesundheitszentren in

Graz mit Fokus auf Parkinson und Tremor:
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Aktuelle laufende klinische
Studien mit spermidineLIFE®

* Improving Vaccination in Older Adults by Inducing Autophagy

With Spermidine

* Spermidine Anti-Hypertension Study (SMARTEST)

* An Exploratory Clinical Study on Autophagy and Multi-level
Molecular Profiling During Spermidine Supplementation

» Spermidine supplementation on Metabolic, Neuronal and
Cardiovascular Response to Exercise TRAINING (PERMIT_EX)
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Was macht unser Produkt so einzigartig?

4
\52900
spermidineLIFE® ist
Weltmarktfihrer und das
weltweit einzige offiziell
zugelassene Spermidinpraparat

(Novel Food in der EU).

—_l

Ee)

Aufgrund der Zulassung gibt es
Sicherheits- und Vertraglichkeits-
studien, die essentiell fur eine
therapeutische Intervention sind.

%

Die Zulassung von
spermidinelL|FE® hat die
Humanforschung erst ermaoglicht.
Bis dato wurde es in 8 klinischen
Studien eingesetzt.

2

Andere Spermidinpraparate garantieren
oftmals nicht die Qualitat und Spermidin-
konzentration. Sie sind zumeist aus Soja
(Methionin im Soja kann die Zellerneu-
erung hemmen) oder mit synthetischem
Spermidin versetzt (z.B. Buchweizen -
enthalt selbst kaum Spermidin)

‘ AUSTRIA \

spermidinelIFE® wird aus
naturlichen Weizenkeimen aus
Mitteleuropa extrahiert und in Graz
mittels eigens entwickeltem
Extraktionsverfahren hergestellt.

CelVio®
Complex

Der natirliche CelVio® Complex in
spermidineLIFE® ist einzigartig.
Neben Spermidin enthalt er weitere
Polyamine (Spermin, Putrescin),
gesunde Fette, Vitamine und
Mineralien.
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Gibt es Alternativen zu spermidineLIFE] ?

Soy
(Soja)

Unclear legal situation

From GMO modified raw material

Acquisition of various raw material
traders

No clinical tests for safety and
tolerability

No clinical tests for efficacy

Soy contains high amounts of
phytoestrogens

Soy contains Methionin—a
substance that may have the effect
of an autophagy blocker

Seedling flour
(Weizen-/Buchweizenkeimlingsmehl)

No legal approval

Raw material spiked with synthetic
spermidine

Purchase of synthetic spermidine
from China

No clinical tests for safety and
tolerability

No clinical tests for efficacy

Synthetic spermidine is only
approved for laboratory use

There is no 100% pure synthetic
spermidine - the by-products are
potentially hazardous to health

34

CelVio®

spermidineLIFE®

v~ Approved as Novel Food

v All natural from local wheat germ

v~ Manufactured and tested (3x) in
Austria

v Clinical tests for safety and
tolerability

v Various clinical tests for efficacy

| Our unique extract is a polyamine
and ingredient complex

| Based on preclinical data, we know
that CelVio® is more effective than
synthetic spermidine!



NAD und ahnliche Verbindungen
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Der leichte Weg
zu NAD+

NAM kann direkt in

unsere Zellen gelangen
und zusammen mit
Ribose und Phosphor
weiter zu NMN und
anschlieBend NAD+
umgewandelt werden

EXTRACELLULAR
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Dietary NAM can
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Kommunikation der Patente fur
Journalisten und B2B Partner

» Spermidin erhéht die mitochondrielle
Aktivitat, d.h. Spermidin verbessert die
mitochondrielle Respiration

* Durch die Mitophagie werden alte
Mitochondrien (Kraftwerke der Zelle)
erneuert

https://patents.qoogle.com/patent/W02022043515A1/en
https://patents.qoogle.com/patent/EP3320899A1/en
https://pubmed.ncbi.nlm.nih.qov/33568522,

* Dauerhafte NAD Supplementation
kann Nebenwirkungen auf die Glukose-
und/oder Insulinhomobostase haben

o mehrere Studien

» Synergistische Kombination von

Spermidin und NAD+ zur Pravention
o 1Studie



Spermidine could be supportive/preventive for the following
indications/diseases:

Category

Neurodegeneration

Indication/disease

Parkinson, Dementia, Alzheimer

Source

1,2,3,4,5,6,7,8, 55,56,57

Immune system

Immunization failure in immune senescence, SARS-CoV-2/COVID-19 (risk groups),

regenerative capacity of epithelia in lung tissue.

9,10,11,12,13,14,15,16,17,18,5
4,62

Aging & Longevity

Life extension, senescence delay of cells, better mitochondrial function.

19.20,21,22,23,24,25,26

Hepatic fibrosis, hepatocellular carcinoma, liver damage by alcohol, liver

Disease, Systemic Inflammation

Liver . . . . . 27,28,52,53,58
protection by NRF2 signaling, nonalcoholic steatohepatitis.

Digestion Inflammation in the intestine 27,28,52,53,58
Neurodermatitis, creatine production, hair loss, restoration of skin barrier

Skin & Hair function, accelerated wound healing, hypopigmentation, increase melanin 29,30,59
production.

Heart Atherosclerosis, Aortic Aneurysm, Cardiovascular Disease, Peripheral Arterial 31.32.33,34,35,36,37,38,60

Bones & Cartilage

Bone density, intervertebral disc degeneration (IDD), SPD increases cartilage
mass.

39,40,41,42,43,61

Muscles

Age-related muscular atrophy

44,45

Diabetes & Obesity

Metabolic disturbance in overeating, glucose tolerance, regulation of lipid
metabolism, reduction white adipose tissue, decreased inflammatory cytokines
and chemokines.

46,47,48,49,50,51,65




Overview of the most recent studies on spermidine

@ 1. Neurodegeneration123:4,56,7,8, 556,57

By activating autophagy, toxic protein aggregates in cells can be removed, which are responsible for diseases such as
Parkinson's, dementia, Alzheimer's or ALS. This has been demonstrated both in mice and by human studies. The degradation
of neurons and associated disease patterns can be curbed. Spermidine activates the autophagic process and can be both
preventive and protective. Spermidine protects the brain from premature aging and mitochondrial dysfunction. Higher
spermidine intake is also associated with greater hippocampal volume. Spermidine can cross the blood-brain barrier, where it
improves mitochondrial function. This reduces the risk of cognitive impairment. A low concentration of spermidine protected
against neuronal toxicity caused by paraquat, while both low and high concentrations provided protection against cytotoxicity

caused by overexpression of amyloid precursor protein.

z‘ .\ 2. Immune syste m?9:10,11,12,13,14,15,16,17,18,54, 62
. 9®
P

"Qermidine supplementation reduces inflammatory cytokines and leads to increased memory cell formation. It also
promotes the differentiation of Timmune cells, resulting in better vaccination success in the elderly. Autophagy plays an
important role in immune defense and on the one hand can help to dispose of pathogenic microorganisms. On the other
hand, autophagy still fulfills an important function in mediating immunological memory and improves it in old age.
Autophagy induced by spermidine can reduce the viral load of SARS-CoV-2 infected cells by 85%. Spermidine leads to a
protective effect against inflammatory bowel diseases such as acute colitis. The polyamine metabolism of pneumococci has
far-reaching effects on its capsular stability, thus influencing the pathogenicity of the virus. Spermidine treatment induces
autophagy and increases the regenerative capacity of epithelia harvested from mouse lung tissue. Spermidine could thus
reduce allergic/asthmatic lung reactions. Spermidine & Eugenol is an innovative combination therapy capable of stimulating
autophagy and reducing inflammation in vitro. This may be promising for COVID-19 risk groups.

14



Overview of the most recent studies on spermidine

e

3. Aglng and LongEVity19'20’21’ 22,23, 24, 25, 26

Spermidine and autophagy levels decrease with older age in the human body. Spermidine supplementation can replenish the
spermidine pool, induces autophagy in the body and leads to life extension in mice. In addition, a long-term epidemiological
study (20 years) demonstrated that higher consumption of spermidine-containing foods correlated with reduced mortality
and 5 years longer life expectancy. Oral administration of spermidine greatly increases mitochondrial function in high-fat diet
mice and reduces inflammatory markers. Spermidine can delay cell senescence and senescence-induced inflammatory

processes. The life-prolonging effect of spermidine is thought to be due in part to its protection of nuclear DNA.

T@IT 4. Digestion and liver272852,53,58

Liver damage caused by excessive alcohol consumption could be reduced or even reversed by spermidine. Spermidine acts
as an antioxidant and can thus break down harmful reactive substances. Spermidine also appears to prevent intestinal
inflammation, which also suggests that it has an antioxidant effect. Spermidine mediates liver protection by enhancing NRF2
signaling via a MAP1S-mediated non-canonical mechanism. Spermidine prolongs lifespan and prevents both liver fibrosis and
hepatocellular carcinoma by activating MAP1S-mediated autophagy. Spermidine treatment partially restores protein
synthesis and mitochondrial function in non-alcoholic steatohepatitis (NASH) and prevents NASH progression in vivo by
restoring the translation factor EIFS5AH.

15



Overview of the most recent studies on spermidine

@ 5. Skin and hair22:30,59

Spermidine may be a potential therapeutic agent for the treatment of atopic dermatitis. Spermidine also has a positive effect
on keratin production, and influences the expression profile of hair follicles. In cell culture, it also had a proliferating effect on
epithelial stem cells. Spermidine secreted by streptococci contributes to the upregulation of collagen and lipid synthesis in
aged cells to restore skin structure and barrier function. Systemic and topical spermidine treatment significantly accelerates
skin wound healing. Spermidine increases melanin production and could serve as a potential natural product to alleviate

hypopigmentation.

' 6. Cardiovascular system31,32,33,34,35,36,37,38,60

Spermidine has a preventive effect on age-associated cardiovascular diseases. In addition, spermidine improves cellular respiration
by increasing mitochondrial content in cardiac cells. Cardiac muscle cells, the so-called cardiomyocytes, which are responsible for the
contraction of the heart, take up spermidine via a specific cellular transporter, whereby the positive autophagic effect can also take
place in these cells. Increased NO availability in these cells results in reduced systemic inflammation. The function of blood vessels
can be improved by spermidine, which can prevent atherosclerosis in the long term. Spermidine supplementation may also limit
experimental abdominal aortic aneurysm formation which may make spermidine a promising treatment for this condition.
Furthermore, spermidine inhibits vascular calcification in chronic kidney disease through enzyme regulation. Treatment with a
mixture of trehalose, spermidine, nicotinamide, and polyphenols improves maximum walking distance (MWD) in patients with
peripheral arterial disease (PAVD), with the mechanism possibly related to NOX2-mediated reduction of oxidative stress and increase
of autophagic flow.




Overview of the most recent studies on spermidine

l 7. Bones and cartilage39:40:41,42,43,61

Spermidine can increase stem cell production and has a positive effect on bone density. The natural polyamine spermidine
prevents bone loss by preferentially disrupting osteoclastic activation in ovariectomized mice. In aged mice, low levels of
spermidine in chondrocytes could be restored by spermidine supplementation, thereby restoring cartilage mass. By ensuring
autophagic flux, spermidine contributes to the protection of chondrocytes. Spermidine could serve as a therapeutic agent for

intervertebral disc degeneration (IDD)

J 8. Muscles#44>

Age-related muscle atrophy can be reduced via spermidine-induced autophagy. This protective effect has been

demonstrated in mice by stress-inducible metabolic regulators.

*@“ 9. Diabetes and obesity46:47:48,49,50,51, 65

Polyamines, such as spermidine have the potential to reduce white adipose tissue and stimulate fat oxidation. Induction of
autophagy by spermidine protects against the deleterious effects of a high-fat diet in wild-type mice. In obese mice,
spermidine supplementation was shown to increase glucose tolerance. Spermidine leads to regulation of lipid metabolism
and improvement of antioxidant capacity and gut barrier function, and decreased expression of inflammatory cytokines and

chemokines. Autophagy inducer spermidine protects against metabolic disorders during overeating.

17



Literature

1. Schwarz C, Stekovic S, Wirth M, et al. Safety and tolerability of spermidine supplementation in mice and older adults with subjective cognitive
decline. Aging (Albany NY). 2018;10(1):19-33. DOI: 10.18632/aging.101354

2. Wang I-F, Guo B-S, Liu Y-C, et al. Autophagy activators rescue and alleviate pathogenesis of a mouse model with proteinopathies of the TAR DNA-
binding protein 43. Proc Natl Acad Sci U S A. 2012;109(37):15024-15029. DOI: 10.1073/pnas.1206362109

3. Alvarez-Erviti L, Seow Y, Schapira AH, Rodriguez-Oroz MC, Obeso JA, Cooper JM. Influence of microRNA deregulation on chaperone-mediated
autophagy and a-synuclein pathology in Parkinson’s disease. Cell Death Dis. 2013;4(3):e545-e545. DOI: 10.1038/cddis.2013.73

4. Pekar T, Wendzel A, Flak W, Kremer A, Pauschenwein-Frantsich S, Gschaider A, Wantke F, Jarisch R Spermidine in dementia. Wiener klinische
Wochenschrift pp 1-5. doi: 10.1007/s00508-019-01588-7

5.YangY, Chen S, Zhang Y, Lin X, Song Y, Xue Z, Qian H, Wang S, et al. (2017). Induction of autophagy by spermidine is neuroprotective via inhibition of
caspase 3-mediated Beclin 1 cleavage. Cell Death Dis 8: €2738. DOI: 10.1038/cddis.2017.161

6. Nobili A, La Barbera L, D'Amelio M Targeting autophagy as a therapeutic strategy to prevent dopamine neuron loss in early stages of Alzheimer
disease. Autophagy. 2021; DOI: 10.1080/15548627.2021.1909409

7. Wirth M, Benson G, Schwarz C, et al. The effect of spermidine on memory performance in older adults at risk for dementia: A randomized controlled
trial. Cortex. 2018;109:181-188. DOI: 10.1016/j.cortex.2018.09.014

8. Schwarz C., Horn N., G. Benson, et al. Spermidine intake is associated with cortical thickness and hippocampal volume in older adults. Neuroimage.
2020 DOI: 10.1016/j.neuroimage.2020.117132

9. Soda K, Kano Y, Nakamura T, Kasono K, Kawakami M, Konishi F. Spermine, a natural polyamine, suppresses LFA-1 expression on human lymphocyte. J
Immunol. 2005;175(1):237-245. DOI: 10.4049/jimmunol.175.1.237

10. Nakagawa |, Davis AS, Taylor GA, Deretic V. Autophagy Defends Cells Against Invading Group A Streptococcus. Science (80- ). 2004;306(5698):1037-
1040. DOI: 10.1126/science.1103966

11. G. Alsaleh et al. Autophagy in T cells from aged donors is maintained by spermidine and correlates with function and vaccine responses. 2020

doi: 10.7554/elLife.57950

12. Rich KA, Burkett C, Webster P. Cytoplasmic bacteria can be targets for autophagy. Cell Microbiol. 2003;5(7):455-468. DOI: 10.1046/].1462-
5822.2003.00292.x

13. Shaw SY, Tran K, Castoreno AB, et al. Selective Modulation of Autophagy, Innate Immunity, and Adaptive Immunity by Small Molecules. 2013.

DOI: 10.1021/cb400352d

14. Schmid D, Pypaert M, Miinz C. MHC class Il antigen loading compartments continuously receive input from autophagosomes. Immunity.
2007;26(1):79. doi: 10.1016/j.immuni.2006.10.018

18



Literature

@ 15. G. Carriche Regulating T-cell differentiation through the polyamine spermidine 2020 J. Allergy Clin. Immuno. DOI: 10.1016/j.jaci.2020.04.037

[ 16. N. Gassen et al., Analysis of SARS-CoV-2-controlled autophagy reveals spermidine, MK-2206, and niclosamide as putative antiviral therapeutics
2020 doi: https://doi.org/10.1101/2020.04.15.997254

® 17. Lingyan Ma, Liyang Ni, Tiangi Yang, Pei Mao, Xin Huang, Yeqin Luo, Zhiyuan Jiang, Luting Hu, Yufeng Zhao, Zhengwei Fu, and Yinhua Ni. Preventive
and Therapeutic Spermidine Treatment Attenuates Acute Colitis in Mice. 2021. J- Agric. Food Chem. DOI: 10.1021/acs.jafc.0c07095

¢ 18. Bindu Nanduri, Edwin Swiatlo. The expansive effects of polyamines on the metabolism and virulence of Streptococcus pneumoniae. 2021.
Pneumonia. DOI: 10.1186/s41479-021-00082-x

® 19. Barddcz S, Duguid TJ, Brown DS, et al. The importance of dietary polyamines in cell regeneration and growth. Br J Nutr. 1995;73(6):819-828.
DOI: 10.1079/bjn19950087

®  20. Kiechl S, et.al. Higher spermidine intake is linked to lower mortality: a prospective population-based study. 2018; The American Journal of Clinical
Nutrition. 2018 (108): 371-380. DOI: 10.1093/ajcn/nqy102

® 21. Madeo F, Bauer MA, Carmona-Gutierrez D, Kroemer G. Spermidine: a physiological autophagy inducer acting as an anti-aging vitamin in humans?
Autophagy. 2019;15(1):165-168. DOI: 10.1080/15548627.2018.1530929

® 22 Eisenberg T, Knauer H, Schauer A, et al. Induction of autophagy by spermidine promotes longevity. Nat Cell Biol. 2009;11(11):1305-1314.
DOI: 10.1038/ncb1975

® 23, Tyrrell DJ, Blin MG, Song J, Wood SC, Zhang M, Beard DA, Goldstein DR. Age-Associated Mitochondrial Dysfunction Accelerates Atherogenesis. Circ

Res. 2020 Jan 31;126(3):298-314. DOI: 10.1161/CIRCRESAHA.119.315644
® 24. Madalina Filfan, Andrei Olaru, lon Udristoiu, Claudiu Margaritescu, Eugen Petcu, Dirk M Hermann & Aurel Popa-Wagner. Long-term treatment with
spermidine increases health span of middle-aged Sprague-Dawley male rats. 2020. GeroScience. 937-949(2020) DOI: 10.1007/s11357-020-00173-5
® 25, Stephanie Lilja,1 Julia Oldenburg,1 Angelika Pointner,1 Laura Dewald,1 Mariam Lerch,1 Berit Hippe,2 Olivier Switzeny,2 and Alexander Haslberger.

Epigallocatechin Gallate Effectively Affects Senescence and Anti-SASP via SIRT3 in 3T3-L1 Preadipocytes in Comparison with Other Bioactive Substances.
2020. DOI: 10.1155/2020/4793125

® 26. Wei-HsuanSu, Christelle E.T. Chan, TingLian, MareenaBiju, AyakaMiura, Sarah A.Alkhafaji, Kelton K.Do, BrandonLatifi, Thi T.Nguyen, Samuel E.Schriner.
Protection of nuclear DNA by lifespan-extending compounds in the yeast Saccharomyces cerevisiae. 2021. DOI: 10.1016/j.mrfmmm.2021.111738

19



Literature

27. Adhikari R, Shah R, Reyes-Gordillo K, Arellanes-Robledo J, Cheng Y, Ibrahim J, Tuma PL. Spermidine Prevents Ethanol and Lipopolysaccharide-
Induced Hepatic Injury in Mice. Molecules. 2021 Mar 22;26(6):1786. DOI: 10.3390/molecules26061786
28.16. Ma L, NiL, Yang T, Mao P, Huang X, Luo Y, Jiang Z, Hu L, Zhao Y, Fu Z, Ni Y. Preventive and Therapeutic Spermidine Treatment Attenuates Acute
Colitis in Mice. J Agric Food Chem. 2021 Feb 17;69(6):1864-1876. DOI: 10.1021/acs.jafc.0c07095
29. Kim G et. al. Spermidine-induced recovery of human dermal structure and barrier function by skin microbiome. 2021. Commun Biol.
DOI: 10.1038/s42003-020-01619-4
30. Ito D, Ito H, Ideta T, Kanbe A, Ninomiya S, Shimizu M. Systemic and topical administration of spermidine accerlerates skin wound healing. 2021. Cell
Commun Signal. DOI: 10.1186/s12964-021-00717-y
31. Soda K, Kano Y, Chiba F. Food polyamine and cardiovascular disease--an epidemiological study. Glob J Health Sci. 2012;4(6):p170.
DOI: 10.5539/gjhs.v4n6p170
32. Matsumoto M. Prevention of Atherosclerosis by the Induction of Microbial Polyamine Production in the Intestinal Lumen. Biol Pharm Bull.
2020;43(2):221-229. DOI: 10.1248/bpb.b19-00855
33. Michiels CF, Kurdi A, Timmermans J-P, De Meyer GRY, Martinet W. Spermidine reduces lipid accumulation and necrotic core formation
in atherosclerotic plaques via induction of autophagy. Atherosclerosis. 2016;251:319-327. DOI: 10.1016/].atherosclerosis.2016.07.899
34. Eisenberg T, Abdellatif M, Schroeder S, et al. Cardioprotection and lifespan extension by the natural polyamine spermidine. Nat Med.
2016;22(12):1428-1438. DOI: 10.1038/nm.4222
35. Nilsson BO, Persson L. Beneficial effects of spermidine on cardiovascular health and longevity suggest a cell type-specific import of polyamines by
cardiomyocytes. Biochem Soc Trans. 2019;47: 265-272 DOI: 10.1042/BST20180622
36. Forte A, Balistreri CR, De Feo M, Della Corte A, Hellstrand P, Persson L, Nilsson BO. Polyamines and microbiota in bicuspid and tricuspid aortic valve
aortopathy. J Mol Cell Cardiol 2019,129: 179-187 DOI: 10.1016/j.yjmcc.2019.02.014
37. Shuai Liu, Tingting Huang, Rui Liu, Huoying Cai, Baihong Pan, Mingmei Liao, Pu Yang, Lei Wang, Jianhua Huang, Yingbin Ge, Baohui Xu, Wei Wang.
Spermidine Suppresses Development of Experimental Abdominal Aortic Aneurysms. J Am Heart Assoc. 2020 DOI: 10.1161/JAHA.119.014757

38. Xiaoyu Liu, An Chen, Qingchun Liang, Xiulin Yang, Qiangian Dong, Mingwei Fu, Siyi Wang, Yining Li, Yuanzhi Ye, Zirong Lan, Yanting Chen, Jing-Song Ou,

Pingzhen Yang, Lihe Lu, Jianyun Yan. Spermidine inhibits vascular calcification in chronic kidney disease through modulation of SIRT1 signaling pathway.
Aging Cell. 2021. DOI: 10.1111/acel.13377

39. Chen T, Shen L, Yu J, et al. Rapamycin and other longevity-promoting compounds enhance the generation of mouse induced pluripotent stem cells.
Aging Cell. 2011;10(5):908-911. DOI: 10.1111/.1474-9726.2011.00722.x

40. Yamamoto T, Hinoi E, Fujita H, et al. The natural polyamines spermidine and spermine prevent bone loss through preferential disruption of
osteoclastic activation in ovariectomized mice. Br J Pharmacol. 2012;166(3):1084-1096. doi: 10.1111/1.1476-5381.2012.01856.x

20



Literature

41. Pradeep K. Sacitharan, Seint Lwin, George Bou Gharios & James R. Edwards. Spermidine restores dysregulated autophagy and polyamine synthesis in
aged and osteoarthritic chondrocytes via EP300. Experimental & Molecular Medicine 123(2018) DOI: 10.1038/s12276-018-0149-3

42. Zhong Chen, Chuang-Xin Lin, Bin Song, Chang-Chuan Li, Jun-Xiong Qiu, Shi-Xun Li, Si-Peng Lin, Wen-Qiang Luo, Yuan Fu, Gui-Bin Fang, Li Wei-Ping,
Phei Er Saw, Yue Ding. Spermidine activates RIP1 deubiquitination to inhibit TNF-a-induced NF-kB/p65 signaling pathway in osteoarthritis. 2020. Cell
Death & Disease. DOI: 10.1038/s41419-020-2710-y

43. D'Adamo S. et al. 2020 Free Radic. Biolog. Med. Spermidine rescues the deregulated autophagic response to oxidative stress of osteoarthritic
chondrocytes DOI: 10.1016/j.freeradbiomed.2020.03.029

44. Fan J, Yang X, Li J, et al. Spermidine coupled with exercise rescues skeletal muscle atrophy from D-gal-induced aging rats through enhanced autophagy
and reduced apoptosis via AMPK-FOXO3a signal pathway. Oncotarget. 2017;8(11):17475-17490. DOI: 10.18632/oncotarget.15728

45, Jessica Segalés, Eusebio Perdiguero, Antonio L. Serrano, et al. Sestrin prevents atrophy of disused and aging muscles by integrating anabolic and
catabolic signals. Nature Com. 2020;189(11). DOI: 10.1038/s41467-019-13832-9

46. Kraus D, Yang Q, Kong D, et al. Nicotinamide N-methyltransferase knockdown protects against diet-induced obesity. Nature. 2014;508(7495):258-262.
doi: 10.1038/nature13198

47. Bonhoure N, Byrnes A, Moir RD, et al. Loss of the RNA polymerase Il repressor MAF1 confers obesity resistance. Genes Dev. 2015;29(9):934-947.
DOI: 10.1101/gad.258350.115

48. Sadasivan SK, Vasamsetti B, Singh J, et al. Exogenous administration of spermine improves glucose utilization and decreases bodyweight in mice. Eur J
Pharmacol. 2014;729:94-99. DOI: 10.1016/j.ejphar.2014.01.073

49. Fernandez, Alvaro F, Clea Barcena, Gemma G Martinez-Garcia, Isaac Tamargo-Gémez, Maria F Suarez, Federico Pietrocola, Francesca Castoldi, et al.

2017. “Autophagy Couteracts Weight Gain, Lipotoxicity and Pancreatic B-Cell Death upon Hypercaloric pro-Diabetic Regimens.” Cell Death & Disease 8
(8): €2970-e2970. DOI: 10.1038/cddis.2017.373

50. Schipke J, Vital M, Schnapper-Isl A, Pieper DH, Mihlfeld C. Spermidine and Voluntary Activity Exert Differential Effects on Sucrose- Compared with
Fat-Induced Systemic Changes in Male Mice. J Nutr. 2019 Mar 1;149(3):451-462. DOI: 10.1093/jn/nxy272

51. Lingyan Ma et al. Spermidine ameliorates high-fat diet-induced hepatic steatosis and adipose tissue inflammation in preexisting obese mice. 2020.
Life Sciences. DOI: 10.1016/].1fs.2020.118739

52.iu, Pengfei, Montserrat Rojo Vega, Matthew Dodson, Fei Yue, Boyun Shi, Deyu Fang, Eli Chapman, Leyuan Liu, and Donna D. Zhang. 2019. Spermidine

Confers Liver Protection by Enhancing NRF2 Signaling Through a MAP1S-Mediated Noncanonical Mechanism. Hepatology, May, hep.30616.
DOI: 10.1002/hep.30616

21



Literature

53. Yue, Fei, Wenijiao Li, Jing Zou, Xianhan Jiang, Guibin Xu, Hai Huang, and Leyuan Liu. 2017. Spermidine Prolongs Lifespan and Prevents Liver Fibrosis
and Hepatocellular Carcinoma by Activating MAP1S-Mediated Autophagy. Cancer Research 77 (11): 2938-51. DOI: 10.1158/0008-5472.CAN-16-3462
54.Li K, Li M, LiW, YuH, Sun X, Zhang Q, Li Y, Li X, Li Y, Abel ED, Wu Q, Chen H. Airway epithelial regeneration requires autophagy and glucose
metabolism. Cell Death Dis. 2019 Nov 20;10(12):875. DOI: 10.1038/s41419-019-2111-2

55. Sabrina Schroeder, Sebastian J. Hoder, Andreas Zimmermann, Stefan Kiechl, Tobias Eisenberg, Frank Madeo. 2021. Dietary spermidine improves
cognitive function. Cell Reports. DOI: 10.1016/j.celrep.2021.108985

56. YongTian Liang, Chengji Piao, Christine B. Beuschel, Fan Liu, Albert Sickmann, Stephan J. Sigrist. eLF5A hypusination, bossted by dietary spermidine,

protects from premature brain aging and mitochondrial dysfunction. DOI: 10.1016/j.celrep.2021.108941

57. Lumkwana D, Peddie C, Kriel J, Michie LL, Heathcote N, Collinson L, Kinnear C, Loos B. Investigating the Role of Spermidine in a Model System of
Alzheimer's Disease Using Correlative Microscopy and Super-resolution Techniques. Front Cell Dev Biol. 2022 May 17;10:819571. doi:
10.3389/fcell.2022.819571. PMID: 35656544; PMCID: PMC9152225.

58. Zhou J, Pang J, Tripathi M, Ho JP, Widjaja AA, Shekeran SG, Cook SA, Suzuki A, Diehl AM, Petretto E, Singh BK, Yen PM. Spermidine-mediated
hypusination of translation factor EIF5A improves mitochondrial fatty acid oxidation and prevents non-alcoholic steatohepatitis progression. Nat
Commun. 2022 Sep 3;13(1):5202. doi: 10.1038/s41467-022-32788-x. PMID: 36057633; PMCID: PMC9440896

59. Brito S, Heo H, Cha B, Lee SH, Chae S, Lee MG, Kwak BM, Bin BH. A systematic exploration reveals the potential of spermidine for hypopigmentation
treatment through the stabilization of melanogenesis-associated proteins. Sci Rep. 2022 Aug 25;12(1):14478. doi: 10.1038/s41598-022-18629-3. PMID:
36008447; PMCID: PMC9411574.

60. Martinelli O, Peruzzi M, Bartimoccia S, D'Amico A, Marchitti S, Rubattu S, Chiariello GA, D'Ambrosio L, Schiavon S, Miraldi F, Saade W, D'Abramo M,
Pingitore A, Loffredo L, Nocella C, Forte M, Pignatelli P. Natural Activators of Autophagy Increase Maximal Walking Distance and Reduce Oxidative Stress
in Patients with Peripheral Artery Disease: A Pilot Study. Antioxidants (Basel). 2022 Sep 18;11(9):1836. doi: 10.3390/antiox11091836. PMID: 36139910;
PMCID: PMC9495993.

61. Che H, Ma C, Li H, Yu F, Wei Y, Chen H, Wu J, Ren Y. Rebalance of the Polyamine Metabolism Suppresses Oxidative Stress and Delays Senescence in
Nucleus Pulposus Cells. Oxid Med Cell Longev. 2022 Feb 7;2022:8033353. doi: 10.1155/2022/8033353. PMID: 35178160; PMCID: PMC8844099.

62. Truzzi F, Whittaker A, D'Amen E, Tibaldi C, Abate A, Valerii MC, Spisni E, Dinelli G. Wheat Germ Spermidine and Clove Eugenol in Combination
Stimulate Autophagy In Vitro Showing Potential in Supporting the Immune System against Viral Infections. Molecules. 2022 May 26;27(11):3425. doi: 2
10.3390/molecules27113425. PMID: 35684363; PMCID: PMC9182079.




Literature

62. Richard Bendera, Leanna S. Wilson The Regulatory Effect of Biogenic Polyamines Spermine and Spermidine in Men and WomenNutritional Research,
Nokomis Research Inc., Toronto, Canada. DOI: 10.4236/0jemd.2019.93004

63. Jakobsen H, Rui H, Thomassen Y, Hald T, Purvis K. Polyamines and other accessory sex gland secretions in human seminal plasma 8 years after
vasectomy. J Reprod Fertil. 1989 Sep;87(1):39-45. doi: 10.1530/jrf.0.0870039. PMID: 2621711.

64. Bauer MA, Carmona-Gutiérrez D, Ruckenstuhl C, Reisenbichler A, Megalou EV, Eisenberg T, Magnes C, Jungwirth H, Sinner FM, Pieber TR, Fréhlich KU,
Kroemer G, Tavernarakis N, Madeo F. Spermidine promotes mating and fertilization efficiency in model organisms. Cell Cycle. 2013 Jan 15;12(2):346-52.
doi: 10.4161/cc.23199. Epub 2012 Jan 15. PMID: 23255134; PMCID: PMC3575463.

65. Liao CY, Kummert OMP, Bair AM, Alavi N, Alavi J, Miller DM, Bagga |, Schempf AM, Hsu YM, Woods BD, Brown Mayfield SM, Mitchell AN, Tannady G,
Talbot AR, Dueck AM, Barrera Ovando R, Parker HD, Wang J, Schoeneweis JK, Kennedy BK. The Autophagy Inducer Spermidine Protects Against Metabolic
Dysfunction During Overnutrition. J Gerontol A Biol Sci Med Sci. 2021 Sep 13;76(10):1714-1725. doi: 10.1093/gerona/glab145. PMID: 34060628; PMCID:
PMC8436989.

23



