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Trial Protocol 1 

Request for advice from the ethics committee on the implementation of a medical-scientific project that does not 2 
involve the clinical testing of a medicinal product 3 

1. Title of the study Investigation of the effect of polyamine-rich dietary supplementation on 

cognitive performance and other biomarkers in elderly subjects with 

subjectively perceived cognitive deterioration (SmartAge)  

 

- a randomized, monocentric, placebo-controlled, double-blind study 

 

2. Ethics committee application 

number 

EA1/250/16  

 

3. Decisions of other ethics 

committees on the same issue 

 

The study project was already evaluated by the Charité Ethics 

Committee in 2014 and initially rejected (EA1/347/14). We followed the 

recommendation and conducted a shorter preliminary study over 3 

months to test the potential positive effect of polyamines on cognition. 

These results were incorporated into the present application and provide 

the basis the basis for a study with a longer intervention duration and a 

larger number of study participants. 

 

4. Subject of the study and its 

objectives; stating the hypotheses, 

separated into main and 

secondary hypotheses, as well as 

the clinical parameters (primary 

and secondary endpoints), which 

will be used to test the hypotheses 

 

Subject: 

Animal studies have shown that polyamine-rich diets can help to stop 

age-related memory loss in fruit flies1. Endogenous polyamines are 

important products of cellular metabolism whose concentration 

decreases with age in both flies and humans2,3. At the same time, the 

accumulation of proteins such as beta-amyloid (Aß) in the brain 

increases, a process that is discussed as a major contributor to 

Alzheimer's disease4. Polyamines trigger a cellular process (autophagy), 

which removes cellular "waste" (including protein aggregates) and thus 

may contribute to the maintenance of cognitive health5, 6. However, to 

date, it is largely unclear whether the memory-enhancing effect of 

polyamines also operates in humans and to what extent this effect can be 

explained by the influence of polyamines on various biomarkers.  

 

In a placebo-controlled proof-of-concept study of our own research 

group (EA1/233/15; further referred to as preliminary study) with 

elderly people with subjective cognitive decline (SCD; further referred 

to as SCD patients), it could be shown that polyamine supplementation 

compared to placebo (14 vs. 14 SCD patients) for 3 months [1] 

improved memory performance (trend). Furthermore, it could be shown 

that [2] capsules were taken regularly and [3] that they were very well 

tolerated. 

 

The aim of the proposed randomized, monocentric, placebo-controlled, 

double-blind study is to evaluate the effect of polyamine 

supplementation (identical daily dosage per day as in the preliminary 

study) in a larger cohort of patients with SCD (SCD cohort, 50 patients 

with polyamine intervention vs. 50 patients with placebo intervention) 

over a longer period of time (12 months) on sensitive cognitive 

domains identified in the preliminary study (memory function, 

primary target); as well as on a number of potentially underlying 

mechanisms (secondary targets) to be investigated. For this purpose, 

various biomarkers (including markers in blood and muscle tissue, 

perfusion markers, and functional and structural markers of gray matter) 

will be investigated. As this is, to the best of our knowledge, the first 

long-term polyamine intervention study, it is important to establish in a 

comparison to what extent one biomarker or the combination of 

biomarkers explains the effect of polyamine supplementation on 

cognitive performance (further referred to as multimodal analysis). 
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Primary Objective: 

The primary objective is to investigate whether a targeted polyamine-

rich dietary supplementation (polyamine supplementation) compared to 

the control condition (placebo) leads to a change in memory 

performance in the SCD cohort. 

 

Primary hypothesis: 

The 12-month intervention (polyamine-rich dietary supplementation) 

will lead to improved memory performance in the SCD cohort compared 

with the control condition (placebo), as operationalized by a Pattern-

Separation-Task. 

 

Secondary Objectives: 

Furthermore, the above study aims to investigate whether a polyamine-

rich dietary supplementation leads to positive effects in the cognitive 

performance of other domains in addition to the positive effect on 

memory performance in the SCD cohort compared to the control 

condition (placebo), which mechanisms underlie these effects, which 

moderators influence the response to the intervention, and whether a 

long-term effect can be demonstrated. In addition, a multimodal analysis 

will be performed to investigate the influence of the polyamine 

intervention on different biomarkers [in blood and structural, functional 

and perfusion MRI (multimodal analysis)], as well as their association 

with cognitive performance will be comparatively investigated. This 

intended scale-independent comparability of biomarkers and their 

correction for normal age- and sex-typical changes are achieved using 

age- and sex-corrected z-transformations based on an independent 

healthy reference cohort (as also established in previous work 7, 8). The 

model was developed with the Biostatistician Dr. U. Grittner. 

 

Secondary hypotheses: 
In the SCD cohort, polyamine-rich supplementation will lead to the 

following changes compared to the control condition (placebo): 

 

Performance in other cognitive domains: 

1) In addition to improved memory performance (primary 

hypothesis), intervention over a 12-month period will lead to 

improved executive function and attention (measured by 

validated neuropsychological tests, details under point 10). 

 

Autophagy processes: 

2) Furthermore, there will be improved autophagy in the body 

(measured by metabolite status in muscle tissue) and also 

associated improved muscle function and mass (as determined 

by sarcopenia testing and Bioelectrical Impendance Analysis 

(BIA)). 

 

Imaging: 

3) In addition, there will be better structural/functional neuronal 

plasticity (measured through MRI for gray/white matter 

structure, functional activation, and functional connectivity) 

and better cerebral vascular processes (including perfusion 

measurement using sensitive MRI sequence: arterial spin 

labeling). 

 

Blood parameters: 

4) An increase in the concentration of polyamines and 

neurotrophic factors will be observed, as well as a decrease in 

inflammatory factors and markers of oxidative stress in blood 

plasma. 
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Peripheral biomarkers: 

5) In addition, peripheral vascular processes will improve, 

including arterial vascular stiffness (pulse wave velocity and 

augmentation index measured using an arteriograph). 

 

Moderators of response to the intervention 

Interindividual differences in response to the intervention (polyamine 

supplementation vs. placebo) could be in part... 

 

6) ... explained by different expressions in genes among study 

participants in terms of different genetic polymorphisms (e.g., 

brain-derived neurotrophic factor (BDNF), apolipoprotein E 

(APOE), catechol-O-methyltransferase (COMT), TOMM40), 

which are responsible for energy metabolism and memory 

performance. 

 

7) ... explained by initial Aß deposition in the brain (more Aß 

deposition allows for a greater intervention effect than less Aß 

deposition). 

 

Assessment of the long-term effect of the intervention 

8) Compared to placebo intervention, even 6 months after 

completion of the polyamine intervention, the increased 

polyamine concentration in the blood and better cognitive 

performance persists. 

 

Multimodal analysis of the intervention effects 

9) The most sensitive biomarker or a combination of several 

biomarkers, which mediates the relationship between 

polyamine intervention and better cognitive performance 

compared to placebo intervention the most or explains the 

association, can be identified using data collected from a 

healthy reference cohort. 

 

Primary endpoint 

- to determine and compare test scores (see Primary Hypothesis 

above) immediately before and after the end of dietary 

supplementation with polyamines or placebo (follow-up after 

12 months (T2, post-intervention) versus baseline (T1, pre-

intervention)). 

 

Secondary endpoints 

- determination and comparison of test scores or markers (see 

above points 1-5) immediately before and after the end of the 

dietary supplementation with polyamines or placebo (follow-up 

after 12 months (T2, post-intervention) versus baseline (T1, 

pre-intervention)) with inclusion of markers from items 6 and 7 

above. 

 

- follow-up 6 months after post-intervention (equivalent to 18 

months after baseline, T3). Determination and comparison of 

test scores or markers ( points 1, 4, 5 above) in comparison to 

previous measurement points: T1 and T2 (see above point 8). 

 

Note: A follow-up examination is planned after 6 months (no endpoint). 

During this visit, compliance will be assessed (drug accountability and 

interview on intervention) and polyamine or placebo capsules will be 

dispensed. Furthermore, a telephone call after 3 and 9 months is planned 

to verify compliance (interview on intervention). 
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5. Explanation of the significance 

of the study 

 

The increase in the number of older people in our society is expected to 

result in a 2-4-fold increase in people who develop dementia9. Therefore, 

the search for prevention and intervention strategies to prevent, or at 

least delay, cognitive deterioration and neurodegeneration is of high 

relevance in terms of health policy, economics, and medicine. 

 

Older people with SCD and related concerns show an increased risk of 

developing Alzheimer's dementia compared to people without SCD10, 

even if no objective deterioration can be detected in neuropsychological 

tests. SCD is considered a very early prodromal stage of Alzheimer's 

disease, in which pathological changes already occur11. The first 

complaint of memory problems is associated, for example, with 

increased Aß deposition12, gray matter volume reduction13, 14, 

hypometabolism15, and functional changes16 in brain regions typical for 

Alzheimer's disease. In this patient group, it is therefore of particular 

interest to slow down early brain pathological processes and, thus, 

preserve cognitive functions as long as possible. 

 

Animal studies have shown that polyamine-rich diets can help to stop 

age-related memory loss in fruit flies. 

 

Therefore, polyamine-rich dietary supplementation could be a potential 

intervention against age-related memory decline, especially in patients 

with SCD. First indications of this could already be observed in a 

preliminary study with a 3-month polyamine intervention in elderly 

patients with SCD. Here, a trend towards improved memory function 

was shown as a result of supplementation with polyamines. 

 

It is therefore hypothesized that the proposed study, with a larger patient 

sample and longer intervention duration, will provide significant insights 

into the impact of polyamine-rich dietary supplementation on changes in 

cognitive abilities in SCD patients. This could be a significant step in the 

long-term development of interventional methods for the (early) therapy 

of dementia and the underlying pathological processes. 

 

Furthermore, the study may provide insights into potential moderators of 

the intervention effects (such as Aß status in the brain and genetic 

manifestations) and may demonstrate the effect of polyamines on 

autophagy, muscle function, peripheral blood parameters, and brain 

structure and function. 

 

Rationale for studying a healthy reference cohort: 

In order to understand the underlying mechanisms of a possible 

protective effect of the polyamine intervention on cognitive performance 

in SCD patients, and thus to enable further development and/or 

refinement of such procedures, it is essential to comparatively examine 

different biomarkers for their mediating effect (by using a so-called 

multimodal analysis).  

 

Regarding this, it is important to note that sensitive biomarkers of 

Alzheimer's disease are also influenced by normal aging processes and a 

person's sex17,18. However, it is possible to determine the extent of these 

associations using a healthy reference cohort, and to adjust the values of 

the SCD cohort accordingly. This has been shown in previous studies7, 8.  

For this purpose, the raw biomarker data from the SCD cohort 

(measured at T1 and T2) will be z-transformed using the independently 

collected biomarker data of the healthy reference cohort (measured at 

T1) and corrected for normal age- and sex-typical changes, also 

determined on the basis of the reference cohort8, 19. These z values 

describe for each biomarker the degree of deviation from the expected 
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values in the healthy reference cohort and allow the identification of the 

most sensitive biomarkers with respect to the potential positive effect of 

a polyamine intervention on cognitive performance of SCD patients. For 

this purpose, it is important to examine the reference cohort using the 

same measurement methods and devices as the SCD cohort. 

 

6. Which of the following 

regulations apply 

 

a) Medical Devices Act  

-according to § 20 MPG (device 

does not have the declaration of 

conformity or this is and a 

different indication is being tested 

or additional invasive or other 

stressful examinations are being 

performed) or  

-according to § 23 MPG ? 

b) Radiation Protection 

Ordinance § 23 

c) X-ray ordinance § 28 a 

d) Genetic Engineering Law 

e) Data protection laws 

 

b) Radiation Protection Ordinance 

 

e) Data protection laws 

The collection and archiving of data follows the Berlin Data Protection 

Act - BlnDSG and the European Data Protection Regulation – DSGVO 

 

 

7. If applicable: designation and 

characterization of the test 

products (e.g., devices for MPG 

studies; please include 

attachments) 

 

Not applicable 

 

8. Substantial results of the 

preclinical tests or reasons for not 

performing them 

 

Relevant studies on polyamines in general 

Endogenous polyamines (i.e., putrescine, spermidine, and spermine) 

contribute to the maintenance of cellular processes (cell growth, cell 

division and cell survival2), the regulation of neurotransmitter processes, 

and the modulation of learning and memory processes20. It is assumed 

that polyamines are substances that can mimic the positive effects of 

fasting/calorie restriction without having to follow a diet.  

 

Relevant studies on polyamines, memory and aging in animal 

models 

In many organisms, intracellular polyamine concentrations decrease with 

aging in a number of organs, including the brain2. In fruit flies, it has 

been shown that the age-related reduction of polyamine concentrations 

(especially spermidine and putrescine) in the brain is associated with 

reduced memory performance. However, external polyamine 

supplementation (e.g., spermidine) can increase endogenous polyamine 

concentration1, 21, increase the life span in yeasts, fruit flies, as well as 

worms, and induce autophagy in these model organisms6 and in mice5. 

Polyamine-rich diets can also stop the age-related memory loss in fruit 

flies, which simultaneously correlates with the increase in autophagy 

processes1. This cellular self-cleaning process can reduce cellular "junk," 

including protein aggregates, e.g., of tau protein22 in mouse models, and 

thus may help to prevent neurodegenerative processes. Soda and 

colleagues were able to show that mice which were fed with polyamine-

rich diets lived longer and had fewer age-related pathologies23. 

Furthermore, hippocampal polyamine concentrations (spermidine, 

spermine) correlated with memory formation in this animal model20. 

 

Impact of polyamines on disease processes and neuronal excitation 

in animal and human models 

In mammals, polyamines are involved in many growth and 
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differentiation processes of tissues as well as in remodeling processes24. 

However, polyamines are also the subject of cancer research, as a 

correlation between increased polyamine synthesis, cell growth and 

cancer has been shown25. However, an increase in oncogenic alterations 

by polyamine-rich supplementation has not been observed in either 

healthy mice or humans21. It is suggested that the increase of putrescine 

concentrations in the cell leads to increased neoplasia26, 27. Another study 

in mice has shown that spermine plays an important role in inhibiting 

pathological changes (such as tumorigenesis), while it can accelerate the 

growth of existing tumors28. 

  

Polyamines also influence neuronal excitability in the brain through 

modulation of ion channels and receptors29, e.g., NMDA-type glutamate 

receptors30 and inwardly rectifying potassium channels (Kir channels)31. 

Hence, polyamines modulate the generation of excitation in neurons.  

Concomitantly, dysregulation of polyamine metabolism has been 

associated with several diseases32, such as epilepsy33, mental disorders34, 

stroke35 and diabetes mellitus36, 37. 

 

The effect of polyamines in these processes is highly complex and may 

involve both neuroprotective and neurotoxic mechanisms. However, in a 

previous study with polyamine-rich diet, no such side effects were 

observed in healthy mice or humans21. In addition, age-related 

dysregulation of polyamine metabolism is suggested to be partly 

underlying the various pathologies and morbidities that can become 

established in old age. A study by Pucciarelli and colleagues38 has 

shown that spermidine and spermine concentrations in relation to total 

polyamine concentration are elevated in the blood of healthy ninety- to 

one hundred-year-old individuals. Therefore, it is hypothesized that the 

maintenance of spermidine and spermine concentrations and the 

decrease in systemic putrescine concentration in the blood may be 

important for healthy aging. 

 

9. Essential content and results of 

previous studies/applications of 

the products to be tested in the 

study 

 

Polyamine concentration in food 

Polyamines, such as spermine and spermidine, are present in almost all 

plants and animal products and have important physiological functions. . 

Based on previous studies, the fermented soybean product "Natto", for 

example, contains approx. 50-120 mg/kg polyamines or 80- 100 mg/kg 

spermidine and spermine. For example, Okamoto and colleagues report 

116 mg/kg of the polyamines, spermidine and spermine, in natto39. 

Another study by Zhang and colleagues (2007, online reference: 

http://en.cnki.com.cn/Article_en/CJFD TOTALSHNX200701001.htm) 

detects spermidine, spermine, and Putrescine in commercial "natto." The 

authors report the total concentration of biogenic amines in two types of 

"natto" as 80-100 mg/kg. The results of Zhang and colleagues show that 

95% of the biogenic amines in "Natto" are polyamines, which are not 

acutely toxic to humans, including 70% spermidine. A third study by Ibe 

and colleagues40 measured a spermidine concentration of 53 mg/kg. 

Slight discrepancies in the data on polyamine content may be due to the 

fact that "Natto" is a fermentation product. The composition of the final 

product depends, among other things, on the bacterial strains used, the 

conditions under which the fermentation took place and which starting 

material was used. 

 

To date, there is only a limited understanding of the uptake of 

polyamines from major dietary sources. Some studies have analyzed the 

content of polyamines in foods39, 41 or estimated the mean intake of 

polyamines in individual countries such as Japan 200 µmol, mainly 

putrescine,42 and the United Kingdom 350-500 µmol43. According to 

estimates in various countries, including the United Kingdom, Italy, 

Spain, Finland, Sweden, and the Netherlands44, the mean polyamine 
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intake for adults is: approximately 212 µmol/day putrescine, 87 

µmol/day spermidine, and 55 µmol/day spermine. The average 

polyamine intake through food is thus below the guideline of the 

Swedish nutrition recommendations objectified (SNO), which 

recommend an average polyamine intake of 541 µmol/day45.  

 

In the study by Soda and colleagues21, the average intake of "Natto" is 

66.4 ± 3.7 g/day. This corresponds to a daily polyamine intake of 

approx. 54 µmol/day (data of the authors) and therefore amounts to 

about one tenth of the SNO guidelines.  

 

Extraction of polyamines from wheat germs 

The collaborating partner of the preliminary study and this study (Prof. 

Dr. Frank Madeo, Institut für Molekulare Biowissenschaften, Graz, 

Österreich) has developed a method of polyamine extraction that enables 

the production of dietary polyamine-rich plant extracts to produce 

health-promoting food supplements. This extraction method manages to 

produce polyamine-rich plant extracts without strong acids, organic 

solvents and/or the use of harmful chemicals harmful to health or the 

environment to extract polyamines from plants. The equipment and 

techniques used in this process have already been used to produce food 

and/or various pharmaceuticals. Thus, their application in the production 

of food products intended for use on animals and humans is safe and 

harmless. Wheat germs are used as the starting material for the 

extraction, as they contain a very high concentration of polyamines 

(especially spermidine) and are used in human nutrition for centuries. 

The efficiency of the extraction was further optimized in the laboratory 

under the direction of Prof. Dr. Frank Madeo. 

 

In the extract to be administered, mainly spermidine and spermine are 

enriched (with 1.2 mg spermidine and 0.6 mg spermine per 1 g of 

extract). Furthermore, 1 g of extract contains: 0.2 mg Putrescine, <0.005 

mg Cadaverine, and 0.166 mg L-ornithine. In combination with a normal 

diet, the intake of the planned daily dose of 750 mg of extract (even in 

the case of multiple overdoses) is below the calculated NOAEL (No-

Observed-Adverse-Effects Level) for humans of 29 mg/kg body weight 

(bw)/day for cadaverine and putrescine46. This is also the case for 

spermidine and spermine, for which the NOAEL is 13.5 mg/kg bw/day 

and 3.1 mg/kg bw/day, respectively46. The NOAEL for L-ornithine in 

humans is above 500 mg/kg bw/day47 and thus remains unattainable with 

the planned administration of the extract. 

 

Within the scope of this study, the wheat germ extract is administered 

daily in the form of a maximum of six capsules, each containing 125 mg 

of extract, thus resulting in a daily dosage of 750 mg extract or 0.9 mg 

spermidine, 0.5 mg spermine, 0.2 mg Putrescine, <0.004 mg Cadaverine, 

and 0.12 mg L-ornithine. This dosage is thus below the administered 

amount of polyamines in the earlier substitution study from Japan21. The 

study by Soda and colleagues administered approximately 10 mg/day of 

spermidine (maximum value) in humans. This amount of polyamines 

would also be conceivable with a normal and targeted diet with, e.g., 200 

g of cooked soybeans,45 and should accordingly lead to no side effects. 

 

To verify safety of the extracts for animal and human use, chemical food 

analysis was performed on the extracts. Except for 

didecyldimethylammonium chloride (DDAC) and benzalkonium 

chloride (BAC), no traces of toxins and pesticides were detected in the 

extracts. The measured concentration was 2.7 mg/kg extract for DDAC 

and 1.2 mg/kg extract for BAC (total). At a dosage of 750 mg extract per 

day, the EFSA (European Food Safety Authority) is not reached by these 

two substances. The daily dosage for DDAC is 0.029 µg/kg bw1 and for 
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BAC (total) is 0.013 µg/kg bw2 at an intake of 750 mg extract3. Thus, 

the ADI (Acceptable Daily Intake) of 100 µg/kg bw/day for these two 

substances is not exceeded in an adult.  

 

Additional ingredients that were found to be above the detection limit in 

the extracts were various B vitamins and cadmium (Cd, 0.15 mg/kg 

extract). With the dosage of 750 mg extract per day, a weekly amount of 

0.0016 µg Cd/kg bw/day is supplied and is thus far below the prescribed 

0.36 µg Cd/kg bw/day4. In the case of the B vitamins, the measured 

amount is too low to have an effect on health at the planned dosage. 

Other components of the extract include plant proteins and sugars, but 

these are not expected to have any effect on human health. However, the 

extracts are not suitable for use in people with gluten intolerance. 

 

Tolerability studies on polyamine supplementation in mouse model 

A 28-day tolerance study on mice (performed according to the OECD 

guideline for studies of chemical substances "Test 407: Repeated Dose 

28-day Oral Toxicity Study in Rodents") showed no changes in eating, 

drinking or general behavior as a result of the treatment (qualitative 

evaluation). The following amounts of the extract were administered 

daily via the feed to mice: 0.56 g/kg bw/day (low), 5.6 g/kg bw/day 

(medium) and bw/day (medium), and 56 g/kg bw/day (high). These 

correspond to 10 mg spermidine/kg bw/day, 100 mg/kg bw/day, resp. 

1000 mg spermidine/kg bw/day. Organ weights of all examined organs 

except spleen and kidneys remained unchanged by treatment. The 

kidney weight (relative to bw) was increased by 9.9% at the high dose in 

both sexes (p-value: 0.005). Based on this measurement, it is 

recommended that individuals be screened for kidney disease and, if 

necessary, to exclude them from the study after assessment by the 

physician. Spleen weight (relative to bw) was decreased by 18% only in 

males at the highest dose (p-value: 0.004). Among females, the spleen 

weight (absolute and relative to bw) remained unchanged. The incidence 

of cardiac fibrosis was reduced by 80% percent by treatment at the low 

and medium doses. At the highest applied concentration, no cases of 

cardiac fibrosis were identified. Since the dosage used in humans is a 

factor of 100 lower than the low concentration used in animal studies, 

we do not expect any negative effects in terms of supplementation of the 

extracts on humans. 

 

In the literature, inhibition of Kir channels is suggested by cationic 

properties of polyamines (especially spermine)48. This could even 

explain the different dynamics of uptake of potassium ions by Kir 

channels in different tissues49. Despite many in vitro studies on this 

topic, few animal models have been developed to investigate this 

property of polyamines and their physiological relevance in vivo50. Most 

importantly, no positive study results on such a modulation during oral 

administration of polyamines have been published48. Despite the lack of 

information, these effects cannot be ruled out with adequately dosed 

supplementation. They could even explain the observed beneficial 

effects on myocardial function with lifelong oral supplementation 

(Madeo, unpublished data). 

 

In the context of this study, polyamine amounts are used that can be 

easily reached and even exceeded in a balanced diet. The daily dose of 

11.15 µmol spermidine and spermine in total per person can only with 

difficulty compensate for a concentration increase from 5 µM to 20 µM 

spermine in the intracellular space49 known from literature. Therefore, 

we estimate the risk for modulation of Kir channels by extract 

administration to be low, being comparable to a vegetarian diet rich in 

soy products. 
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Relevant studies on polyamines in humans 

In humans, an age-related reduction in endogenous polyamine 

concentration has been reported in basal ganglia51 and in cortical 

regions3 in post-mortem studies. A two-month polyamine-rich diet 

containing "Natto" ( on average 66 g/day, maximum 100 g/day), Soda 

and colleagues were able to increase the endogenous polyamine 

concentration in humans by a factor of 1.39 (esp. spermine) in blood 

plasma21. This pioneering study simultaneously demonstrated a good 

tolerance and acceptance of the nutritional intervention among study 

participants. 

 

Results of the preliminary study (EA1/233/15) 

 

In the just completed preliminary study, with 14 patients with SCD (age 

range 60-80 years) who received a polyamine-rich dietary supplement 

extracted from wheat germs (approx. 0.9 mg/day spermidine, 0.5 mg/day 

spermine) for 3 months (vs. 14 SCD patients receiving placebo), we 

evaluated the safety of the intervention and the effect of the 

supplementation on cognitive performance were confirmed, and very 

good compliance was demonstrated. 

 

Safety/ Tolerability 

Of the total 33 SCD patients recruited in the preliminary study, 3 

participants did not meet the screening criteria and 2 participants 

terminated the intervention prematurely due to lack of motivation and 

time constraints, leaving a total of 14 participants who completed the 

polyamine and 14 participants who completed the placebo intervention 

after 3 months. There were 2 events (one per group) that were classified 

as adverse events (AE; serious adverse event, SAE) but were not 

associated with capsule intake from a physician's point of view. This 

involved, on the one hand, an acute bronchitis with pneumonia 

developing from it (with a short stay in the hospital). This participant 

received placebo. Furthermore, two days before the end of the 3-month 

intervention with polyamines, one participant suffered a mild allergic 

reaction, which was accompanied by a short hospital visit (emergency 

room). The definite cause could not be determined. A possible 

explanation would be an allergic reaction to oak processionary moths, 

since the participant had been in a corresponding risk area shortly before 

and the symptoms were fitting. From a medical point of view, there was 

no correlation with the ingestion of the polyamine capsules. The 

participant had completely recovered after 2-3 days. 

 

Capsule intake and tolerability of the capsules were otherwise 

consistently described as good by the participants, with only 4 

participants of the placebo group reporting the following side effects: 

Weight gains (n=2), stimulated digestion, slightly more diarrhea and 

slight gastric distress at the beginning, which disappeared after a few 

days (n=2). 

 

Furthermore, with respect to potential polyamine-associated disease-

causing processes no changes were observed in the blood count (e.g., 

altered leukocyte count) that would indicate some form of organ 

dysfunction or oncogenesis. 

 

Compliance 

To determine capsule compliance over the 3 months, the patients were 

asked about the regularity of their capsule intake at the end of the study 

and the number of remaining capsules was counted. 

 

In a questionnaire, study participants reported that they had forgotten no 

more than 5 capsules on average (out of a planned 252 capsules) during 
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the entire intervention period of 3 months. After counting the remaining 

capsules per study participant, it also showed a very good compliance 

rate of 98.01% (98.83% in the polyamine group, 97.17% in the placebo 

group). 

 

Cognitive performance  

At baseline, both intervention groups (polyamine vs. placebo 

intervention) did not differ in age, sex, and education, nor in blood 

pressure, body mass index, and smoking behavior (all p's <0.05).  

 

It could be shown that polyamine intake for 3 months already has first 

positive effects on the memory performance of patients with SCD:  

 

In the so-called pattern separation test, the study participant was first 

shown 32 pictures of everyday objects on the computer, referred to as 

the encoding phase. Participants were asked to decide whether these 

items could be found "indoors" or "outdoors," with no "correct" or 

"incorrect" rating. This was followed immediately by a recognition 

phase in which these pictures were shown again (n=32), mixed with 

similar-looking (lures, n=32) or completely new objects (novel foils, 

n=32). Here, participants were asked to name whether these pictures 

were "old," "new," or "similar" to the pictures in the encoding phase. As 

a sensitive measure of memory performance, a so-called BPS score 

(Behavioral Pattern Separation Score) was calculated as follows: correct 

naming of similar items (lures) with "similar" minus incorrect naming of 

novel items (foils) with "similar". 

 

After a 3-month polyamine intervention, there was a tendency for 

greater improvement in BPD scores (n=14, baseline MW=0.18 ± 

SD=0.13, follow-up MW=0.26 ± SD=0.19, Cohen's d=0.49) compared 

with placebo intervention (n=13, baseline MW=0.17 ± SD=0.17, follow-

up MW=0.20 ± SD=0.15, Cohen's d=0.19). The effect size Cohen's d of 

the group difference was 0.5, after correction for age, sex, and education 

(ANCOVA). Based on these data, the analysis described in point 15 " 

PROPOSED SAMPLE SIZE/POWER CALCULATION " listed case 

number estimation of this study was performed. 

 

Significance of an examination of muscle tissue, muscle function and 

muscle mass 

 

It is assumed that polyamines have an influence on cellular metabolism 

and thus on the vitality of the organism by, among other things, 

modulating autophagy processes6, 52. Preliminary results in mice show 

that chronic ingestion of spermidine leads to improved mitochondrial 

function and maintenance of morphology in (cardiac) muscle tissue53. 

However, no robust method exists to measure the systemic autophagy 

rate in blood. So far, a statement can only be made by analyzing 

metabolically more active tissues such as brain or muscle. Since the 

sampling of brain tissue is not possible, a muscle biopsy should help to 

look at intervention-associated autophagy processes and to detect 

therapeutic targets.  

 

In the context of the polyamine intervention study presented here, 

proteins involved in the assembly of autophagolysosomes as the starting 

point of cellular macroautophagy will be investigated by means of 

muscle biopsies (via immunohistochemistry)54 and the posttranslational 

regulation of cellular autophagy capacity in dependence on the 

intervention will be examined (via acetylproteomics)55.  

 

The sampling of muscle tissue offers a unique opportunity to investigate 

the effect of polyamines on autophagy processes directly in the tissue, 
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i.e., at the "reaction site", and thus allows indirect conclusions to be 

drawn as to the extent to which polyamines can counteract cognitive 

decline in the brain by means of such cell purification processes.  

 

In addition to cognitive impairments, muscle wasting ( age-related 

disease: sarcopenia) in old age is one of the main factors affecting the 

quality of human life56. In the mouse model it could be shown that the 

administration of polyamines leads not only to morphological 

improvements but also to functional improvements (function of the 

mitochondria)53. Using short and non-invasive tests (for details see point 

10) the degree of age-associated sarcopenia phenomena can also be 

easily determined in humans. The aim is to investigate whether the 

administration of polyamines can improve muscle function and thus 

increase the patients' sense of well-being. Already a reduction of the risk 

or a slowing down of such a disease would represent a valuable result. 

 

Possible moderators of response to intervention: 

Genetic analyses  

Genetic factors may influence both vulnerability to cognitive decline and 

the impact of lifestyle factors on memory performance and underlying 

neurobiological mechanisms. For example, there is evidence that 

protective effects of physical activity on hippocampal atrophy are 

enhanced in carriers of the ApoE ε4 allele, a risk gene for Alzheimer’s 

disease57. Another study showed a significant interaction between the 

COMT- polymorphism [Val158Met], which plays a central role in 

cortical dopamine degradation, and dietary intervention58. Accordingly, 

homozygous Val/Val carriers exhibited greater improvement by, among 

other things, caloric restriction. The Met variant of the BDNF 

polymorphism [Val66Met], a genotype associated with abnormal 

hippocampal and memory function, interacted with physical activity in 

relation to cognitive decline and dementia incidence rates in the 

elderly59.  

 

The significance of functional polymorphisms on the response of 

memory-enhancing dietary interventions in older people at increased risk 

of dementia is unclear. Therefore, this study will analyze genetic 

polymorphisms (e.g., ApoE, BDNF, COMT, TOMM40 rs10524523) 

that have been linked to energy metabolism and memory performance 

and could lead to differences in response to polyamines in carriers of the 

above polymorphisms.  

 

Positron emission tomography  

Patients with SCD are more likely to show initial Aß deposition in the 

brain compared to healthy elderly without SCD4. In the present study, 

study participants will be examined and characterized with respect to 

this biomarker by PET. As previously described, a reduction in 

polyamine concentration is associated with a reduction in cellular 

autophagy processes52. It is hypothesized that a potentially protective 

effect of polyamines on the age-associated cognitive decline is mediated 

via an increase in autophagy1, a process that, among other things, clears 

the cell from harmful protein aggregates such as Aß plaques60, 61. It has 

been shown that even low concentrations of spermine, spermidine, and 

putrescine reduce the toxicity of Aß oligomers62.  

 

It is therefore of great interest to investigate to what extent an incipient 

Aß pathology influences the effects of a 12- month polyamine 

supplementation on cognitive abilities of the study participants and 

whether the cellular autophagy processes are influenced by the 

supplementation (determined via the metabolite status in the muscle 

tissue, see also "Significance of an investigation of muscle tissue and 

muscle function"). An absolute Aß cell purification and thus change of 
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the Aß status is not expected by the polyamine intervention, so that the 

PET can also be performed during the course and not essentially at the 

beginning of the intervention. 

 

10. Description of the planned 

measures/examination methods 

and any deviations from the 

measures/examinations 

commonly used in medical 

practice (what is "routine", what 

is done differently in the study?) 

 

Course of the study 

 

SCD cohort  

 

At the beginning of the study, time point 1 (T1)  

 

Visit 1, duration approx. 5-6 hours (incl. breaks) 

- Participant information and consent  
The subject or patient is informed verbally and in writing about possible 

participation in the study. If, after sufficient time for reflection, written 

consent to participate in the study has been given (informed consent), 

inclusion in the study takes place and a unique identification number is 

generated for subsequent pseudonymization. The consent can be revoked 

at any time. 

 

- Entrance examination  

The initial examination is divided into screening and baseline. 

 

Screening 

Here it is clarified whether the study participant can take part in the 

study without health risks and whether the inclusion ability is 

guaranteed.  

 

The following information will be collected from all study participants 

for screening:  

 

a) medical and demographic data, incl. nutritionally relevant 

parameters, such as height, weight, waist-hip ratio 

b) questions about subjectively perceived cognitive deterioration 

and related concerns10  

c) objective measurement of cognitive abilities using standardized 

neuropsychological screening tests  

d) questionnaires on depression and daily activity 

e) examination of the MRI/PET suitability 

f) clarification of possible contraindications regarding the muscle 

biopsy 

 

For more details, see "Description of methods/tasks used". 

 

Baseline 

If all inclusion criteria are met and there is no exclusion  

criterion, the participant will be included in the study and  

further investigated as follows: 

 

g) endogenous polyamine concentration in blood plasma 

h) analysis of peripheral blood markers: including inflammatory 

processes, glucose metabolism, neurotrophin, lipid and fatty 

acid profile 

i) detailed neuropsychological testing using standardized test 

procedures. The following functional areas are tested: Verbal 

and visuo-spatial memory, attention, executive functions, 

sensory-motor speed 

j) validated questionnaires are used to further characterize the 

sample, including those on sleep quality and lifestyle 

k) examination of peripheral vascular processes (measurement of 

arterial stiffness by means of an arteriograph) 

l) investigation of genetic polymorphisms in blood 
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m) determination of the hair cortisol level (participation optional) 

 

For more details, see "Description of methods/tasks used".  

 

Visit 2, duration approx. 1.5 hours  

n) structural and functional imaging of the brain (MRI)  

 

Visit 3, duration approx. 1.5 hours  

o) 18F FBB-PET (determination of Aβ status, participation 

optional) 

 

Visit 4, duration approx. 2-3 hours  

p) muscle biopsy (to determine autophagy; participation optional) 

and measurement of muscle function and muscle mass 

(sarcopenia testing) 

 

Intervention:  

This is a randomized placebo-controlled study design. Study participants 

are randomized into groups (stratified randomization by age and gender) 

and participate in an intervention (polyamine group) or control condition 

(placebo group) over 12 months.  

 

During the intervention period, participants are blinded to the 

experimental condition (polyamines, placebo). Likewise, the researcher 

collecting the measurements is blinded to the experimental condition 

before, during, and after the intervention. 

 

The polyamine group receives polyamine supplementation in capsule 

form (750 mg lyophilisates from wheat germ, equivalent 10 g wheat 

germ/day, equivalent to 10 g "natto"/per day (see also point 9).  

 

The control group receives placebo capsules filled with cellulose.  

 

All capsules are identical in appearance (blinding), and are ingested by 

the study participants in the same manner at mealtimes.  

 

Study participants will receive detailed information on capsule use and 

capsules for the first 6 months in an individual onset session (30 

minutes) at the end of visit 1. 

 

Progress survey:  

 

Visit 5, duration approx. 15 minutes  

 

After 6 months, a personal interview is held with the participant 

regarding his or her mental and physical condition and compliance is 

determined. In addition, the participant receives new capsules, and the 

old capsules are collected and counted. 

 

Final examination, time point 2 (T2) (1st 
follow-up, 12 months after 

the start of the intervention) 

 

Visit 6, duration approx. 4-5 hours  

Repeat the measurements described above [a-k]. 

 

Visit 7, duration approx. 1.5 hours  

Repeat the measurement described above [n]. 

 

Visit 8, duration approx. 2-3 hours  

Repeat the measurement described above [p]. 
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Follow-up, time point 3 (T3) (2
nd

 follow-up, 18 months after the start 

of the intervention) 

 

Visit 9, duration approx. 3 hours  

Repeat medical examination with blood sampling [a, g, h], measurement 

with arteriograph [k], abbreviated psychometric testing [c, i], and the 

collection of validated questionnaires [d, j]. 

 

Reference cohort  

The following studies will be conducted equivalently to the SCD cohort: 

  

Visit 1, duration approx. 5-6 hours (incl. breaks)  

- participant information and consent  

- initial examination (screening + baseline) [a-l, except f and m] 

 

Visit 2, duration approx. 1.5 hours 

- MRI examination [n]  

 

Visit 3, duration approx. 1.5 hours  

- PET examination [o] 

 

Description of the methods/tasks used 

Psychometrics:  

Validated paper-and-pencil and computer-based tests will be used with 

study participants in both cohorts.  

 

Participants undergo neuropsychological screening to objectively 

measure cognitive status. Tests used for this purpose include: Mini 

Mental State Examination67, Wechsler Memory Scale Logical Memory 

II68, Trail Making Test A (TMT A)69. In addition, questionnaires on 

depression (Geriatric Depression Scale, GDS70) and daily activity 

(Instrumental activities of daily living, IADL) are to be completed 

during screening.  

 

Subsequently, the visual and verbal learning and memory abilities of the 

study participants are assessed using the following tests: Auditory 

Verbal Learning Test (AVLT)71, People-and- Door Test72 and a 

computer-based sensitive and validated visual memory task, so-called 

Pattern Separation Test73, 74. Executive functions, attention and working 

memory as well as sensorimotor speed are assessed among others by the 

following tests: Digit Span75, Corsi Block Tapping76, Trail Making Test 

A and B77, Digit Symbol Coding78, Semantic and Phonological Word 

Fluency (Regens- burger Word Fluency Test, RWT), Stroop Test79, and 

Attention Assessment Subtests (TAP)80.  

 

Questionnaires on sleep quality (Pittsburgh Sleep Quality Index81) and 

lifestyle (smoking and drinking habits, physical and mental activity, 

quality of life (Freiburger physical activity questionnaire82), general 

subjective well-being (Positive and negative Affective Schedule, 

PANAS83) are also to be completed.  

 

In terms of psychometrics, we cooperate with the neuropsychologist Dr. 

Ute Kopp of the Charité. 

 

Laboratory parameters (blood):  

Study participants in both cohorts will have the following parameters 

determined, among others:  

- polyamine concentrations (spermine, spermidine, putrescine)  

- basic parameters including small blood count, liver and kidney 

values, triglycerides, LDL and HDL cholesterol, coagulation 

(PTT, Quick)84, 85 
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- glucose metabolism: glucose, insulin, HbA1c, leptin  

- inflammatory parameters: hsCRP, TNFα, IL-6, IL-1b, 

fibrinogen, among others  

- neurotrophins: BDNF, GDNF, NGF, G-CSF, IGF-1, among 

others 

 

The analyses of the various blood parameters are performed in the 

"Alterung & Zelltod" - Laboratory under the direction of Prof. Dr. Frank 

Madeo (Institut für Molekulare Biowissenschaften, Graz, Österreich), in 

the laboratories headed by Prof. Dr. Stephan Sigrist (Freie Universität 

Berlin, Institut für Biologie/Genetik, Berlin and NeuroCure Charité - 

Universitätsmedizin Berlin, Campus Mitte, Berlin), in the laboratory 

headed by Prof. Dr. Guido Kroemer (Centre de Recherche des 

Cordoliers, Paris, France), in the Clinic and Polyclinic for Neurology 

under the direction of Prof. Dr. Agnes Flöel (Universitätsmedizin 

Greifswald) and by the contract laboratory Berlin - Charité Vivantes 

GmbH. 

 

Laboratory parameters (CSF, optional for the SCD cohort; reference 

cohort not concerned): 

If a medically indicated CSF diagnosis is planned for the study 

participants during the study or if a CSF diagnosis was performed within 

the last 12 months (only in the SCD cohort), only the results of this 

clinical diagnosis will be used within the framework of the above-

mentioned study after the participant has been informed and has given 

his consent. For study purposes only, no lumbar puncture will be 

performed, and no cerebrospinal fluid will be collected for additional 

analysis.  

 

Determination of genetic polymorphisms:  

DNA is extracted from peripheral blood samples using standard methods 

(Qiagen kit). Genotyping will be performed at Martin Luther University 

Halle-Wittenberg, Medical Faculty Hospital, University Clinic and 

Polyclinic for Psychiatry by Prof. Dr. med. Rujescu.  

 

Measurement of arterial stiffness:  

To determine vessel elasticity/stiffness, two parameters are measured 

using an arteriograph: Pulse wave velocity and augmentation index. 

Pulse wave velocity is the pressure wave generated by the contraction of 

the heart, which travels through the arterial vascular system at a certain 

speed (normally 6 - 12 m/s). The augmentation index, on the other hand, 

describes the share of the pressure increase caused by the reflected pulse 

wave in the total pulse pressure.  

 

Hair cortisol determination (optional for the SCD cohort; reference 

cohort not concerning):  

For hair cortisol determination, 10 mg of a hair segment is required. For 

this purpose, thin hair strands (2-3 hair strands) are cut off at the back of 

the head, tied together with a thread about 2 cm above the skull bone and 

then cut off as close as possible to the hairline. The hair samples are 

wrapped in aluminum foil and can be kept at room temperature for a 

longer period. Participation in hair cortisol determination is optional. In 

the case of study participants who consent to hair cortisol determination, 

the hair sample is taken once during the study. 

 

Magnetic resonance imaging (MRI):  

The MRI examination will take place at the Berlin Center for Advanced 

Neuroimaging (Campus Charité Mitte, Charité - Universitätsmedizin 

Berlin, Charitéplatz 1, 10117 Berlin). The MRI measurement of the 

brain at 3 Tesla includes structural and functional sequences.  
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For structural imaging, the following three sequences are used: T1-

weighted 3D sequence with isotropic resolution of at least 1 x 1 x 1 

mm3, Fluid Attenuated Inversion Recovery (FLAIR) sequence, and 

Diffusion tensor imaging (DTI) sequence. The aim of structural MRI is, 

among other things, to determine the volume of Alzheimer-specific brain 

regions and the integrity of gray/white matter.  

 

The following three sequences are used for functional MRI imaging: 

Arterial Spin Labeling (ASL) Sequence, BOLD sequence during a 

validated visual memory task73, 74 and BOLD sequence at rest (resting-

state connectivity). The aim of functional MRI is, among other things, to 

investigate vascular processes (brain perfusion) and functional 

connectivity of vulnerable brain regions both at rest and during a 

specific task.  

 

The MRI images are analyzed using standard methods, including 

"Voxel-Based Morphometry" and "Tract-Based-Spatial Statistics". 

Established software packages are used (SPM and Matlab, FSL, 

Freesurfer and AFNI). 

 

Positron emission tomography (PET) (optional for all study 

participants):  

The burden of amyloid-ß plaques on the brain is performed by PET with 

the approved plaque ligand 18F-florbetaben (trade name NeuraCeq). 

Imaging is performed with the PET/MR hybrid system (Siemens mMR) 

of the Charité at Campus Virchow. Participation in the amyloid PET is 

optional. In study participants who consent to amyloid PET, amyloid 

PET will be performed once during the study.  

 

For amyloid PET, 300 MBq of 18F-florbetaben is administered 

intravenously. Immediately thereafter, an early image of the florbetaben 

distribution in the brain is taken (duration: 10 minutes). A late image of 

the florbetaben distribution in the brain is taken 90 minutes after 

florbetaben administration (duration: 20 minutes).  

 

Quantitative analysis of amyloid PET is based on predefined regions of 

interest. In addition, explorative voxel-based evaluations are performed. 

 

Muscle biopsy (optional for SCD cohort; reference cohort not 

concerning):  

The muscle biopsy will be performed at the Clinical Research Unit, 

Berlin Institute of Health (BIH) at Charité Campus Mitte.  

 

The muscle biopsy will be performed on the thigh (Musculus 

quadrizeps). For this purpose, local anesthesia with lidocaine 2% 

(without epinephrine) is performed. A scalpel is then used to make a 

minimal skin incision (3-5 mm) in the anesthetized skin area. The tissue 

biopsy is performed with a semi-automatic biopsy device (CR Bard 

GmbH, Karlsruhe, Germany) with a 12G muscle biopsy needle 

(Bergstrom). Four samples (each approx. 50-100 mg muscle tissue) are 

obtained from the affected area through the same skin incision. After the 

biopsy, which takes only a few minutes, is completed, pressure is 

applied to the wound for about 5-10 minutes to stop bleeding and 

prevent hematoma formation. The skin edges are then closed with 

steristrips and covered with another sterile bandage plaster. In addition, a 

lightly compressing bandage with elastic bandages is applied for the 

following 12 hours. Although rest and recuperation are not absolutely 

necessary after the procedure, we recommend that the patient rest for 

about 24 hours (no sports, no cycling), although general physical 

activities are possible without any problems.  
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In order to additionally test the potential positive influence of the 

polyamine intervention on possible age-associated sarcopenia 

symptoms, the following frequently used test battery for muscle 

function/muscle strength will be applied to the study participants: SPPB 

(Short Physical Performance Battery) including a 6-meter running test 

and a hand grip strength test. Furthermore, a non-invasive, painless 

bioelectric impact analysis (/) can be used to make a statement about 

early changes in muscle mass (pre-sarcopenia). During the BIA 

measurement, the study participant remains at rest for about 10 minutes 

until the blood volume is evenly distributed throughout the body. Via 

two skin electrodes each on hand and foot, an alternating current field is 

generated and the impedance of the body to this alternating current is 

measured. 

 

Representativeness of study participant selection  

To record all participants suitable for the study, a list is kept by the 

investigator (trial registry) showing how many meet the inclusion and 

exclusion criteria but were not included in the study for various reasons. 

 

11. Evaluation and weighing of 

the foreseeable risks and 

disadvantages of study 

participation against the expected 

benefits for the study participants 

and persons who will become ill 

in the future (risk-benefit 

analysis) 

Overall, the risk of health damage from the examination is to be assessed 

as minimal, taking into account the contraindications (for details see 

point 11c).  

 

Study participants will be informed about all possible risks of the study 

and that they can withdraw their consent at any time without giving 

reasons (see attached study information). The expected "drop-out" of 

participants is balanced by the number of participants (see case number 

analysis).  

 

All adverse effects (AE and SAE see below) arising from the study will 

be documented as standard. 

 

Adverse Events (AE) of the planned study: any undesirable or 

unfavorable event that may affect a study participant, including 

abnormal findings (e.g., abnormal physical examinations or laboratory 

findings), symptoms or illnesses that occur during study participation, 

regardless of whether they are directly related to study participation. 

 

Serious Adverse Events (SAE) of the planned study:  

any occurrence which:  

- is life threatening  

- leads to hospitalization  

- leads to serious physical impairments  

- any other occurrence that is judged by the study director to be a 

significant hazard 

 

In the event of the occurrence of an SAE:  

The investigator first assesses whether a causal relationship with the use 

of the investigational product is considered possible. Since this is a 

double-blind study, this is done without knowing the group membership 

(polyamines vs. placebo).  

 

Assignment to the individual treatment groups will be made only after 

unblinding as part of the evaluation of the study.  

 

The exception is an emergency unblinding, which the investigator may 

perform if the decision on the further treatment of the affected patient 

depends on the knowledge of the study treatment. If more than three of 

the enrolled study participants in the intervention group have SAEs that 

are likely to be related to polyamine use (as judged by the study 

physician), the study will be terminated. 
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a. Foreseeable therapeutic benefit 

for the study participants 

(individual benefit for the 

individual study participant) 

It is known from animal studies that polyamine-rich supplements can 

have positive effects, e.g., improved memory and an increase in 

autophagy processes. The first promising results of the preliminary study 

(with a short intervention period of 3 months) also reflect that polyamine 

supplementation over a longer period could lead to a significant 

improvement in memory function.  

 

The measurement of autophagy in tissues is central to understanding the 

underlying mechanisms that may explain the potential positive effect of 

polyamine intervention on cognitive performance in patients with SCD. 

Furthermore, it can be assumed that an increase in the autophagy rate 

through polyamine administration leads to improved muscle function of 

the study participants and thus to an improved quality of life.  

 

In summary, according to the assessment of the data to date, a positive 

effect can be expected for the study participants in the polyamine group. 

However, even if individually "only" an improvement in well-

being/quality of life could be achieved, this would be considered 

positive for the individual. 

 

A direct individual benefit for the study participants of the control group 

and the reference cohort is not expected. Nevertheless, the study 

participants will receive extensive medical and neuropsychological 

testing, which will provide information about their current health status. 

 

b. Foreseeable medical benefit for 

persons who will become ill in the 

future (group benefit) 

 

If the intervention has a positive effect, new possibilities will arise in the 

treatment of elderly persons with subjectively perceived cognitive 

deterioration. The polyamine-rich dietary supplement is an easy-to-use 

application. In addition, the non-invasive treatment approach has a very 

good safety profile21 (see also data from our own preliminary study 

under point 9).  

 

From a medical-scientific point of view, the investigation of changes in 

brain function and structure as well as changes in autophagy processes is 

particularly important. So far, the exact mechanisms of long-term 

polyamine-rich dietary supplementation have been little studied.  

 

For this purpose, also the comparison of whether certain genetic 

constants or early biomarkers (Aß pathology) can predict a good or less 

good response to the intervention is of great interest for a possible 

therapeutic use.  

 

The extensive investigation of different biomarkers should enable a 

better understanding of the underlying mechanisms of a polyamine 

intervention to ultimately create a starting point for the prevention and 

early intervention of Alzheimer's disease in the long-term through the 

targeted use of the intervention. 

 

c. Risks and burdens for study 

participants (list all in detail) 

Study participants will be under medical supervision and treatment 

throughout the study.  

 

Taking a polyamine supplement in capsule form, obtained from wheat 

germs: Polyamine-rich foods such as "Natto" (made from soy) or wheat 

germ are generally very well tolerated. Basically, as with all foods, 

intolerances, or allergies to the concerned food are possible. In this case, 

the concerned food should not be consumed. Ingestion of wheat germs 

or the corresponding extracts may cause mild gastrointestinal 

complaints, such as belching and diarrhea, which, however, disappear 

completely after discontinuation. Belching can be reduced or prevented 

by taking the capsules with meals and is therefore recommended to the 
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participants.  

Since wheat products generally contain gluten, polyamine substitution 

with wheat germ derivatives should not be performed in cases of known 

gluten intolerance.  

 

The polyamines putrescine, spermine and spermidine in the suture also 

delay histamine oxidation by diamine oxidase (DAO). Therefore, 

polyamine supplementation is not performed in cases of known 

histamine intolerance.  

 

In previous work on polyamine substitution in high doses, no specific 

side effects beyond these have been reported21. Also in the preliminary 

study, there were no side effects indicating intolerance of the polyamine 

dose also used here. 

 

Psychometric testing: is not associated with any special risks, apart from 

fatigue phenomena in individual cases.  

 

Venous blood sampling can lead to complications such as hematoma, 

infection, or pain at the injection site, but these complications are 

extremely rare, easily treatable and completely reversible.  

 

Measurement of vascular elasticity/stiffness (arteriograph) as part of our 

examinations is painless and takes very little time.  

 

Hair sampling: is not associated with any special risks.  

 

MRI: is a non-invasive procedure that is used worldwide and does not 

pose a risk to study participants if the relevant exclusion criteria (see 

point 16) are observed.  

 

PET: PET examinations have been reliable and well established for 

several years in healthy subjects (and clinical patients) at the Virchow-

Clinic of the Charité. The application of a weakly radioactive substance 

requires exposure to radiation. For the amyloid PET examination, the 

study participant is injected with 300 MBq of 18F-florbetaben (trade 

name NeuraCeq) according to the approval. Intravenous injection of 18F-

florbetaben causes a radiation exposure of 19.3 µSv/MBq. Thus, 

application of 300 MBq of 18F-florbetaben is associated with an effective 

dose of 5.8 mSv. The limit of 20 mSv specified in §24 paragraph (2) of 

the Radiation Protection Ordinance of July 20, 2001, is therefore clearly 

undercut in any case. 

 

The risk from the total radiation exposure of 5.8 mSv is limited to 

stochastic radiation effects, with the causation of radiation-induced 

cancer playing the dominant role. Deterministic radiation effects can be 

excluded for radiation exposure < 100 mSv.  

 

The "official" lifetime risk of radiation induction of a fatal cancer has 

been set by the International Commission on Radiological Protection 

(ICRP) at 5 %/Sv86. This value applies to the population as a whole, i.e., 

represents an average value across all age groups. For persons aged > 60 

years, the lifetime risk of radiation induction of a fatal cancer is about 1 

%/Sv86. For the persons to be included in the requested study, the 

calculated risk of a fatal cancer induced by 18F-florbetaben PET is 

therefore about 0.00006. The lifetime risk of a "spontaneously" 

occurring fatal cancer is about 0.2. 

 

Complications such as hematoma, infection, or pain at the injection site 

may occur during flexure insertion, but these complications are 

extremely rare, highly treatable, and completely reversible.  
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The probability of an allergic reaction to the injected radioactive 

substance is considered low. Participants are asked about known 

intolerances and are under medical supervision during the entire 

examination. 

 

Muscle biopsy: If there are no complications, a small pigment shift could 

occur. However, infection and hemorrhage can also occur as 

complications during biopsies. The risk of infection is minimized by 

aseptic work. Bleeding is treated by compression. Prophylactically, a 

pressure dressing is applied after muscle biopsy. However, the 

occurrence of reversible hematomas without complications cannot be 

ruled out. These are treated conservatively with cooling and, if allowed, 

with ointment dressings. Larger hemorrhages/ complications cannot be 

ruled out with certainty; if necessary, these will be treated according to 

medical requirements. In order to recognize and treat possible 

complications in time, the study participants are requested to contact the 

study center at any time in case of complaints or to present themselves in 

our department. A known hypersensitivity to anesthetics will be 

excluded as far as possible.  

 

All muscle biopsies are taken at the Clinical Research Unit of the Berlin 

Institute of Health (BIH). The performing physicians have sufficient and 

long-term experience of 3-10 years (more than 500 biopsies in different 

studies), so that the procedure is performed routinely. In several studies 

(e.g., EA2/017/09, EA2/050/10) repeated (>2) muscle biopsies per study 

participant were performed, showing good tolerability. In the present 

study, only one biopsy will be performed at the beginning and one at the 

end of the intervention with an interval of 12 months, so that the 

expected tolerability is considered to be good.  

 

The performance of a BIA measurement and the sarcopenia tests for 

muscle function are painless and no major side effects are to be 

expected. Only slight, easily treatable skin irritation could occur due to 

the electro- den patches, although this risk is considered to be very low. 

 

12. Risk control measures 

 

 

The following safety measures should help to minimize the risks 

mentioned under point 11c in this study (see also explanations under 

point 11c):  

 

1) Compliance with inclusion and exclusion criteria is strictly monitored. 

Study participants may discontinue the study at any time (even during 

the trial).  

 

2) All participants receive an initial neurological and medical 

examination.  

 

3) All examinations are performed by experienced investigators. In case 

of undesirable side effects, access to emergency measures is provided 

immediately. Participants are informed of all possible risks and that they 

can withdraw their consent at any time without giving reasons.  

 

4) MRI examinations of the brain are performed after detailed 

questioning regarding possible risks or contraindications (see point 16). 

If these contraindications are considered, the risk of the MRI 

examination is minimal.  

 

5) Participants in amyloid PET are urged to drink plenty of fluids after 

the examination, as frequent bladder emptying after the examination 

further reduces radiation exposure.  
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6) Reference is made to the explanations given under point 11 regarding 

measures to ensure safety during muscle biopsy.  

 

7) Study participants are requested to contact the investigator or the 

Neurological Polyclinic immediately in case of health problems. 

Appropriate telephone numbers will be handed out. 

 

13. Termination criteria Any participant may withdraw from the study without giving a reason. 

Possible reasons for dropping out may be:  

 

- withdrawal of consent 

non-tolerance of the MRI/PET examination (claustrophobia)  

- non-tolerance of regular intake of polyamine supplementation 

or placebo capsules  

- occurrence of other serious events that necessitate termination 

 

14. Number, age and sex of the 

persons concerned 

 

 

The SCD cohort includes 100 elderly patients with subjectively 

perceived cognitive decline and related concerns, aged 60-90 (objective 

cognitive testing still within norm (< -1.5 SD), both men and women 

(see case number estimate). 

 

The reference cohort provides for 50 cognitively intact elderly persons 

without subjectively perceived cognitive deterioration and related 

concerns aged between 60 and 90 years, both men and women. 

 

15. Biometric planning with 

indication of the statistical 

methodology, including 

justification of the number of 

cases. Specification of the 

statistician(s) 

Experimental design:  

This is a randomized placebo-controlled trial design.  

 

Dependent variables:  

Primary: change in memory performance compared between baseline 

(T1) and end of intervention (T2). 

 

Secondary: The following changes will be tested in comparison between 

baseline (T1) and end of intervention (T2):  

 

1) performance in other cognitive domains  

2) autophagy and muscle function  

3) blood parameters  

4) vascular parameters  

5) MRI parameters 

 

In addition, a multimodal analysis will be performed with different 

sensitive biomarkers in relation to a healthy reference cohort.  

 

For a detailed description of the measurement methods and target 

parameters, see items 4 and 10. 

 

Evaluation:  

The primary hypothesis is tested using analysis of covariance. Memory 

performance (measured by the Pattern Separation Test) at the end of the 

study (follow-up, T2) is the dependent outcome measure; the covariate is 

memory performance at the beginning of the study (baseline, T1). 

Memory performance between the polyamine group and the placebo 

group is tested.  

 

The secondary parameters are analyzed analogously.  

 

Furthermore, the influence of the polyamine intervention on various 

sensitive biomarkers compared to the placebo intervention will be 

determined by means of a so-called multimodal analysis. Using a 

reference cohort, the raw values of the individual biomarkers of the SCD 
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cohort will be z-transformed (using the mean and standard deviation of 

the reference cohort) and adjusted for normal age and sex variability in 

order to achieve scale invariance and to avoid bias due to normal age- 

and sex-typical changes in the above-mentioned biomarkers. Finally, a 

multivariate analysis of variance is used to determine which biomarkers 

are most strongly changed by the intervention and can thus influence 

cognitive abilities.  

 

In addition, we will investigate whether genetic polymorphisms or Aß 

deposits are associated with cognitive performance or modulate the 

response to the intervention by including them as covariates (or as 

interaction terms with group membership) in the statistical models.  

 

The analysis of follow-up is also performed using analysis of 

covariance, with the parameters at T3 (after 18 months) representing the 

dependent outcome variables, group membership forming the 

independent variable, and the parameters at T1 (baseline) being inserted 

as covariates.  

 

The main hypothesis is tested at a two-sided significance level of 

alpha=0.05. 

 

PROPOSED SAMPLE SIZE/POWER CALCULATION  

In the preliminary study, ANCOVA yielded an effect size (partial Eta 

squared, η2) of 0.058 for the group difference in the pattern separation 

test, which corresponds to Cohen's d effect size of 0.5. Corrections were 

made for age, gender, and education.  

 

Cohen's d was calculated according to the formula:  

 

 

 

Case number estimation was performed conservatively using a t-test for 

differences (follow-up value - baseline value) in memory performance 

(BPS score) in the two groups (polyamine and placebo) even when the 

analysis is performed using analysis of covariance.  

 

In this study, we expect a stronger effect size of Cohen's d of 0.6 due to 

a longer intervention. If 50 participants per group (incl. 10% drop-out 

rate) are included in the analyses, such an effect strength can be 

demonstrated by means of t-test for unconnected samples (two-sided 

significance level α=0.05, power: 80%).  

 

This case number estimate was compiled using the R package "pwr"87.  

 

Randomization  

Stratified randomization by sex and age (60-70, 70-80, 80-90 years) will 

be performed.  

 

The study is biometrically supervised by Dr. U. Grittner. 

 

16.  

a. Presentation and, if necessary, 

explanation of the inclusion and 

exclusion criteria 

Inclusion criteria of all study participants:  

- age: 60-90 years  

- existing health insurance for clarification of possible incidental 

findings 

- capacity to consent  

- age-appropriate performance on neuropsychological screening 

tests (no more than 1.5 SD below gender-,  age-, and education-

adjusted norms)  

 

              Specific to SCD cohort:  
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- notification by the person of subjectively perceived cognitive 

deterioration (for at least 6 months) and concerns in this regard  

- and that they would see or have already seen a doctor because 

of the subjective cognitive deterioration.  

 

Exclusion criteria all study participants:  

- DSM-IV manifest dementia  

- severe or untreated internal diseases (advanced arteriosclerosis, 

advanced cardiac or respiratory disease, untreated thyroid 

dysfunction, or untreated diabetes mellitus), psychiatric 

(untreated depression; psychosis) or neurological (epilepsy, 

clinically manifest stroke) diseases 

- malignancies current or in the medical history (exception: 

basalioma) 

- drug / medication / alcohol addiction  

- non-MR-capable individuals [individuals with claustrophobia, 

metallic implants (e.g., intracranial metal clips), and wearers of 

electronic devices (e.g., pacemakers) or tattoos] 

- participation in another study involving the use of ionizing 

radiation in the last 3 months 

- restrictions in other everyday activities 

 

              Specific to SCD cohort:  

- already existing polyamine substitution or participation in 

corresponding intervention studies  

- known intolerance or allergies to wheat sprouts or known 

gluten intolerance or histamine intolerance  

- when performing a muscle biopsy: allergy or intolerance to the 

local anesthetic (especially lidocaine), coagulation disorders, 

current therapy with clopidogrel, ASA, Marcumar, or Falithrom 

 

              Specifically for reference cohort:  

- subjectively perceived cognitive deterioration and related 

concerns, communicated by the person 

 

b. Participant information (who 

gives this verbally and indication 

of how much time remains 

between informing and 

consenting, otherwise reference to 

its content as an attachment 

possible) 

 

see study information attached  

1. SCD Cohort  

2. Reference Cohort 

c. Declaration of consent 

(reference to its content as an 

attachment is possible). 

see study information attached  

1. SCD Cohort  

2. Reference Cohort 

 

d. If applicable, information and 

consent of the legal 

representative (if applicable, also 

description of the procedure for 

the establishment of a judicial 

guardianship) 

 

Not applicable, as only study participants who can give their own 

consent are included. 

17. Measures for the recruitment 

of study participants (notice board 

?, newspaper advertisements ? 

etc.) 

 

The study is advertised in the Berlin memory consultations. In addition, 

there will be information and contact opportunities for the study on the 

Internet, e.g., on the website of the Clinic for Neurology of the Charité 

and on www.pro- bandeninfo.de. Depending on the recruitment success 

there will be additional advertisements in Berlin newspapers. 

Recruitment will continue to take place via notices in adult education 

centers or senior citizens' associations, contacting the BANA (Berlin 
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model for post-professional activities in which people over 45 have 

access to university continuing education). 

 

18. If applicable: reason for 

inclusion and statement of 

therapeutic benefit for persons 

who are minors and/or unable 

to consent 

 

Not applicable 

19. Relationship between study 

participant and study physician (Is 

the study physician also the 

treating physician?) 

 

Study participants are not dependent on the study physician.  

 

For recruitment within the memory clinic Charité Campus Mitte as well 

as for recruitment via non-own memory clinics, the study physician will 

be the non-treating physician. 

 

20. Statement on the possible 

involvement of persons dependent 

on the sponsor or study physician 

 

Study participants enrolled in the study are not dependent on the study 

physician or a sponsor. 

21. Measures that allow a 

determination of whether a study 

participant is participating in 

more than one study at the same 

time or before the end of a period 

specified in the previous study 

 

During the initial telephone contact, prospective study participants are 

asked about prior/simultaneous other study participation, and if so, in 

which one(s). 

22. If applicable: remuneration or 

reimbursement of the study 

participants (amount, for what 

should be paid ?) 

 

At the end of the study, study participants in the SCD cohort will be paid 

an expense allowance (one-time lump sum for time and travel expenses) 

of a maximum of 180 Euros (100 Euros study participation, 40 Euros for 

PET and 40 Euros for muscle biopsy).  

Participants in the reference cohort will receive an expense allowance of 

maximum 85 euros (45 euros study participation and 40 euros for PET). 

 

23. If applicable: plan for follow-

up and medical care of the 

persons concerned after the end of 

the study 

 

If participants are recruited from memory consultations, then they will 

be followed up as part of the respective memory consultation. 

24. If applicable: insurance of the 

study participants (insurance 

confirmation and insurance 

conditions, insurer, scope of 

insurance, duration of insurance) 

 

An insurance policy for volunteers will be taken out with HDI-Gerling 

Industrie Versicherung AG (Riethorst 2, 30659 Hannover, Germany, 

insurance certificate no. 5701032603017).  

The maximum benefit payable by the insurer per insured person is € 

250,000.00. A copy of the insurance certificate and the terms and 

conditions of insurance will be given to each study participant. 

 

25. If applicable: documentation 

procedure (reference to CRF 

sheets possible). 

A study file will be maintained to collect and document all study data 

(demographic data, psychometric test results, etc.) in pseudonymous 

form.  

 

The following personal data is collected  

- age, gender, date of birth, level of education, address, 

health/disease data 

 

Data categories  

- study data 

 

Survey type  

- data is collected both via paper pencil and computer-assisted 

testing  

- the tests do not contain clear names, but the pseudonym defined 

for each participant (see point 28)  
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- all data is transferred and stored in a digital data matrix(s) in 

pseudonymized form  

 

Handling data and samples  

Test results and study data  

- participants have the right to request information; this can be 

done verbally or in the form of printouts (the study participant 

can only be assigned to the test results via the participant 

identification list)  

- pseudonymized study data of study participants who consent to 

a PET examination may be shared with the tracer manufacturer 

(Piramal Imaging GmbH, Tegeler Straße 6-7, 13353 Berlin, 

Germany)  

- pseudonymized study data will be passed on to the co-study 

director Prof. Dr. med. Agnes Flöel (Klinik und Poliklinik für 

Neurologie, Universitätsmedizin  

- Greifswald, Ferdinand-Sauerbruch-Strasse, 17475 Greifswald, 

Germany). 

 

Blood and muscle biopsy samples  

- are blinded, i.e., given a code (see point 28), age and sex (the 

latter for reference values) and sent to the laboratories 

mentioned in point 30 for the purpose of the study  

 

Hair samples  

- are blinded and sent to the laboratory mentioned in point 30 for 

the purpose of the study  

 

MRI data  

- are transmitted pseudonymously to a neuro-radiologist for 

diagnosis  

- in the case of abnormal findings, the study participant is 

identified via the participant identification list (see point 28) of 

the pseudonyms and, if necessary, informed of this fact  

- the actual MRI analysis regarding the questions within the 

scope of the study is also carried out pseudonymously 

 

PET data  

- the PET analysis is pseudonymized within the scope of the 

study  

 

Storage  

Personal data 

- are stored in accordance with good scientific practice for a 

period of 10 years, after which they are deleted and, if 

necessary, only used in purely anonymous form 

 

Samples  

- are stored in the respective analytical laboratories for a 

maximum period of 10 years after the end of the study for 

possible follow-up testing and are then destroyed 

 

MRI/ PET data  

- the MRI and PET images are stored and archived digitally on 

the server of the working group in pseudonymized form 

 

Access to the data  

- only the members of the SmartAge study team involved in the 

study will have access to the personal data. All employees of 

the SmartAge study team are subject to the obligation of 

secrecy 
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26. If applicable: description of 

how the health status of healthy 

affected persons is to be 

documented 

 

The study participants are asked about their health status regarding 

certain criteria (see point 16). The health status of the study participants 

will be recorded on the documentation sheet. 

 

27. If applicable: methods to 

identify, document and report 

adverse events (when, by whom 

and how??) 

 

During the examination, the participants will be in direct contact with 

the supervising research assistants and neurologists. For the time after 

completion of the examination and in case of any side effects, a 

telephone number is provided where a neurologist can always be 

reached. 

 

During the 12-month intervention phase, an additional visit and two 

telephone calls are planned to document compliance and tolerability of 

the interventions. Adverse events will also be asked about and 

documented.  

 

So-called incidental findings may occur in the study participants (e.g., 

previously unknown brain structural changes); therefore, all MRIs will 

be reviewed radiologically by a specialist. If necessary, the study 

physician will inform the study participant about any abnormalities in 

this regard. 

 

28. Procedure to protect the 

secrecy of the stored data, 

documents, and samples, if 

applicable, explanation of the 

coding of the data of study 

participants (please do not use 

initials and date of birth as coding 

scheme!). 

 

All study-related data will be collected and stored in pseudonymized 

form after inclusion of study participants. Study-related data collected in 

paper form (tests, questionnaires) will be stored in a lockable cabinet in 

an office within NCRC. If study participants indicate on the test and 

questionnaires personal data, such as name and date of birth, these are 

blacked out and the documents are only stored in pseudonymous form. 

The data is then reused in electronic form. Once the data has been 

entered in electronic form, it is stored on a password-protected computer 

in the working group.  

 

The following code is assigned: Letters "SMART" (SCD cohort) or 

"SMART-REF" (reference cohort) plus three-digit number for the 

respective study participant (e.g., "001" for the first participant), plus 

code for the respective measurement (for pre-intervention T1, for post-

intervention T2, follow-up T3), for example: "SMART001-T1" or 

"SMART-REF001-T1".  

 

The respective identification codes of the study participants are recorded 

in a separate file (participant identification list) and stored on the server 

of the working group, which has a separate data protection concept for 

this. The creation of a file with personal information is reported to the 

data protection officer of the Charité.  

 

Paper copies of the study participants' consent forms are kept in a 

lockable cabinet in the SmartAge study team's office. The folder is 

located in an office within the NCRC.  

 

Access rights  
During and after the study (see point 25 "Access to the data") 

 

Procedure and deadlines for deletion, blocking of data  

The personal data will be stored in accordance with the evidence of good 

scientific practice for a period of 10 years and then deleted.  

 

Participants may revoke their consent to participate in the study at any 

time. They can also object to the further processing of the collected data 

at any time and request its deletion or destruction. All data will then be 

destroyed immediately. The data will be manually deleted from the PCs. 
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Furthermore, data in paper form (questionnaires, tests) are destroyed by 

shredding. Back-up DVDs are also destroyed. 

 

29. Statement on compliance with 

data protection  

- assurance that all data collected 

and stored about the study 

participant will remain data will 

be treated confidentially (data 

secrecy and medical 

confidentiality)  

 

- assurance that the identifying 

Data will be accessible only to the 

study director or staff designated 

by the study director 

 

- indication of the measures taken 

to ensure confidentiality 

 

- measures for the data-

protection-compliant transfer of 

data that do not allow third parties 

to establish a personal reference 

 

- indication of the information, 

objection, and deletion options 

 

- measures to ensure the rights  

 of the participants 

 

 

The data/information collected as part of this study is stored 

pseudonymously on the AG server (drive S), processed, and saved at 

regular intervals.  

 

The file with the participant identification code is also stored on the 

server of the AG under password protection. Only the study director and 

employees authorized by the study director have access to this file. The 

access authorization is granted by the study director and expires after the 

end of the study participation.  

 

All employees of the AG sign a form when they start work, whereby 

they undertake to comply with the department's internal guidelines 

regarding confidential information, confidentiality, and the protection of 

personal data. In particular, the unauthorized disclosure of data to third 

parties and the transfer of data worthy of protection to the to the outside 

world is prohibited. 

 

The study participants are explicitly informed about the compliance with 

data protection, type and scope of the stored data and the right to their 

own data (incl. information, correction, data portability, restriction of 

processing, objection, and deletion).  

 

The data and samples are passed on to the contract laboratory and the 

cooperation partners exclusively in pseudonymized form. A data transfer 

to other bodies is not intended.  

 

The data will be retained as long as required by law and in accordance 

with good scientific practice (10 years) and subsequently deleted. 

Individual data sets can be deleted at the request of the study participant 

during the study (e.g., if consent to the processing of personal data is 

withdrawn). Deletion is understood to mean the final deletion of the 

respective individual data record and the removal of any security copies.  

 

GCP monitoring is performed to verify the proper conduct of the study. 

The monitor appointed by the study director is given access to the study 

and patient files. 

 

30. The names and addresses of 

the institutions involved in the 

study as study centers or study 

laboratories, as well as the study 

directors and the study physicians 

 

Study Center:  

NeuroCure Clinical Research Center (NCRC), Charité 

Universitätsmedizin Berlin, Charitéplatz 1, 10117 Berlin 

 

Principal Investigator: 

Prof. Dr. Dietmar Schmitz 

[NeuroCure und Neurowissenschaftliches Forschungszentrum (NWFZ), 

Charité - Universitätsmedizin Berlin, Campus  

Mitte, Charitéplatz 1, 10117 Berlin] 

 

Co-Principal Investigator: 

Prof. Dr. med. Agnes Flöel 

(Klinik und Poliklinik für Neurologie, Universitätsmedizin  

Greifswald, Ferdinand-Sauerbruch-Straße, 17475 Greifswald) 

 

Cooperation partners (The study will take place exclusively in Berlin 

at the Charité) 

 

BMBF partner: 

Prof. Stephan J. Sigrist, Freie Universität Berlin, Institut für 

Biologie/Genetik, Takustrasse 6, 14195 Berlin und NeuroCure Charité - 
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Universitätsmedizin Berlin, Campus Mitte, Charitéplatz 1, 10117 Berlin 

 

Prof. Volker Haucke, Leibniz-Institut für Molekulare Pharmakologie im 

Forschungsverbund Berlin e.V. (FMP), Campus Berlin-Buch, Robert-

Roessle-Str. 10, 13125 Berlin 

 

Prof. Evgeni Ponimaskin, Institut für Neurophysiologie,  

OE4230 (I3, Raum 3100), Carl-Neuberg-Straße 1, 30625  

Hannover 

 

Prof. Frank Madeo, Alterung & Zelltod – Labor, Institut für Molekulare 

Biowissenschaften, Humboldtstrasse 50/EG, 8010 Graz, Österreich 

 

Providing the polyamine and placebo capsules: 

Prof. Frank Madeo, Alterung & Zelltod – Labor, Institut für Molekulare 

Biowissenschaften, Humboldtstrasse 50/EG, 8010 Graz, Österreich 

 

Examination of blood samples: 

Labor Berlin - Charité Vivantes GmbH, Laboratoriumsmedizin CVK, 

Sylter Straße 2, 13353 Berlin 

 

Prof. Frank Madeo, Alterung & Zelltod – Labor, Institut für Molekulare 

Biowissenschaften, Humboldtstrasse 50/EG, 8010 Graz, Österreich  

 

Prof. Dan Rujescu (im Rahmen der Analysen genetischer 

Polymorphismen), Universitätsklinik und Poliklinik für Psychiatrie, 

Psychotherapie und Psychosomatik, Julius-KühnStr.7, 06112 

Halle/Saale  

 

Prof. Stephan J. Sigrist, Freie Universität Berlin, Institut für 

Biologie/Genetik, Takustrasse 6, 14195 Berlin und NeuroCure Charité - 

Universitätsmedizin Berlin, Campus Mitte, Charitéplatz 1, 10117 Berlin  

 

Prof. Dr. med. Agnes Flöel, Universitätsmedizin Greifswald, Klinik und 

Poliklinik für Neurologie, Ferdinand-Sauerbruch-Straße, 17475 

Greifswald  

 

Prof. Dr. Guido Kroemer, Centre de Recherche des Cordoliers, 

UMR1138 équipe 11, 15 Rue de l'École de Médecine, 75006 Paris, 

Frankreich 

 

Hair sample analysis 

Prof. Clemens Kirschbaum, Technische Universität Dresden, Lehrstuhl 

Biopsychologie, Zellescher Weg 19, 01069 Dresden 

 

Implementation and evaluation of MRI/ PET 

Prof. Holger Amthauer, Charité - Universitätsmedizin Berlin, Klinik für 

Nuklearmedizin CVK, Augustenburger Platz 1, 13353 Berlin (PET)  

 

Prof. John-Dylan Haynes, Berlin Center for Advanced Neuroimaging, 

Campus Charité Mitte, Charité – Universitätsmedizin Berlin, 

Charitéplatz 1, 10117 Berlin (MRI) 

 

Provision of the tracer (PET) 

Piramal Imaging GmbH, Tegeler Straße 6-7, 13353 Berlin 

 

Performance of the muscle biopsy and examination of the tissue samples 

PD Dr. Knut Mai, Clinical Research Unit (CRU), Berlin Institute of 

Health (BIH), Charité Campus Mitte (CCM), Charitéplatz 1, 10117 

Berlin (biopsy) 
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Prof. Stephan J. Sigrist, Freie Universität Berlin, Institut für 

Biologie/Genetik, Takustrasse 6, 14195 Berlin und NeuroCure Charité - 

Universitätsmedizin Berlin, Campus Mitte, Charitéplatz 1, 10117 Berlin 

(analysis of tissue samples) 

 

Prof. Frank Madeo, „Alterung & Zelltod“ – Labor, Institut für 

Molekulare Biowissenschaften, Humboldtstrasse 50/EG, 8010 Graz, 

Österreich (analysis of tissue samples) 

 

Prof. Dr. Guido Kroemer, Centre de Recherche des Cordoliers, 

UMR1138 équipe 11, 15 Rue de l'École de Médecine, 75006 Paris, 

France (analysis of tissue samples) 

 

Monitoring 

NeuroCure Clinical Research Center (NCRC), Charité 

Universitätsmedizin Berlin, Charitéplatz 1, 10117 Berlin 

 

31. Information on the suitability 

of the trial site, in particular on 

the adequacy of the resources and 

facilities available there and of 

the personnel available to conduct 

the clinical trial, and on 

experience in the conduct of 

similar trials 

 

The study is funded by the BMBF. The study physicians are employed at 

the Charité. Sufficient examination rooms and laboratory space are 

available, as is the material required for testing. Through the project, 

scientific/medical doctoral students are employed to assist in the conduct 

and analysis of the studies. The study management and study physicians 

already have extensive experience in conducting similar studies. 

 

32. Agreement on the access of 

the investigator/principal 

investigator/leader of the clinical 

trial, to the data and the principles 

on publication 

 

The study data are published by the study management. The study 

results are published in an anonymous form that does not allow any 

conclusions to be drawn about the participant. 

33. Information on the funding of 

the study: 

Funding source (name and 

location) 

 

Federal Ministry of Education and Research (BMBF) Hannoversche 

Strasse 28-30, 10115 Berlin 
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eTable 1. Amendments approved by the ethics committee of the Charité-5 

Universitätsmedizin Berlin 6 

Amendment and Date 
of Votum 

Changes Reasons for Changes 

Amendment and Votum 
28.09.2016 

Replacement of potato starch 
in the placebo capsules with 
cellulose 

Already in the preliminary study, 
cellulose was added to both the 
lyophilizate from wheat germ 
(polyamine capsules) and the potato 
starch (placebo capsules) to prevent 
"crumbling" of the extracts. To obtain 
a pure control preparation on the one 
hand and to reduce production costs 
on the other, the potato starch of the 
placebo capsules is now to be 
replaced by cellulose. 

Amendment and Votum 
28.11.2016 

Participants will also have MRI 
measurements performed at 
the Berlin Center for Advanced 
Neuroimaging (BCAN) 

Due to high utilization and possible 
capacity bottlenecks at the MRI/PET 
hybrid system the MRI measurements 
for participants who do not consent to 
PET will also be performed at the 
BCAN. 

Amendment and Votum 
07.02.2017 

For all participants, MRI 
examinations should be 
performed at the BCAN 
 
Additional visit for study 
participants who agree to PET 
examination, which can also 
be performed after the initial 
medical examination 

Due to logistical and capacity 
limitations on the MRI/PET hybrid 
system and for reasons of more 
consistent data analysis, MRI 
measurements from all participants 
will be performed at the BCAN. PET 
measurements will be performed at 
the MRI/PET hybrid system. As PET 
examination only serves to 
characterize the study participants 
based on amyloid status, it may be 
performed with a time delay to the 
initial medical examination. 

Amendment and Votum 
06.09.2017 

Small administrative changes 
(no additional/change in 
assessments) 

The local PI changed from Dr. Flöel 
(now Co-PI) to Dr. Schmitz due to a 
change of the affiliation of Dr. Flöel. 
Passing on pseudonymized study and 
PET data to the tracer manufacturing 
company. Updating and addition of 
cooperation partners. 

Amendment and Votum 
27.03.2018 

Concentration of polyamine 
capsules was updated 
 
Optional hair sample analyses 
of cortisol 

The presence of SCD symptoms has 
been associated with chronically 
elevated stress levels. Chronic stress 
has been discussed with an increased 
risk of chronic disease, e.g., 
Alzheimer's disease, and has negative 
effects on brain and cognitive 
functions in the elderly. Subgroup 
analyses will examine whether the 
effects of the polyamine intervention 
differ in patients with high and low 
cortisol levels. 

Amendment and Votum 
26.06.2018 

Small administrative changes 
(no additional/change in 
assessments) 

Adjustments in accordance with the 
requirements and conditions of the 
Data Protection Regulation (DSGVO) 
of the Data Protection Office (Charité 
Universitätsmedizin Berlin). 
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