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Introduction
Spermidine, N-(3-aminopropyl) butane-1,4-diamine, is 

a low-molecular-mass organic base (C7H19N3, CAS 124-20-9) 
and belongs to the polyamine family which includes spermine 
and putrescine, the direct precursor of spermidine (Figure 1). 
At ambient temperature (22-25 °C) spermidine is a colorless 
liquid or a white powder. In biological samples, the two primary  

 
amine groups and the secondary amine group of spermidine 
are protonated so that the spermidine molecule is a polyvalent 
cation. Spermidine is a natural compound and widely distributed 
in plants, animals and humans. Scientific reports on spermidine 
and putrescine exist for more than 90 years, whereas articles on 
spermine appeared 25 years earlier (Table 1). 
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Abstract 

Spermidine, N-(3-aminopropyl) butane-1,4-diamine, is an endogenous basic compound known for more than 90 years. The biosynthesis of 
spermidine, its pharmacological properties including distribution, metabolism and excretion have been thoroughly investigated. Spermidine and 
other polyamines have been early associated with growth and aging, and were found to stabilize various cellular and subcellular components 
including nucleic acids due to their polyvalent cationic structures. Polyamines including spermidine have been found at elevated circulating 
and urinary concentrations in a variety of diseases including cancer and psoriasis. Thus, decreasing the concentration of polyamines mainly by 
inhibiting their biosynthesis is regarded as a realistic therapeutical strategy. Yet, more recent studies suggest that exogenous spermidine exerts 
beneficial effects on the brain where it protects from age-induced memory impairment, protects the heart and extents lifespan. 

Supplementation of the natural compound spermidine has emerged as an autophagy and mitophagy inducer in a mice model of aging and 
hypertension and lowered high blood pressure. In humans, high dietary spermidine intake was found to correlate with reduced blood pressure 
and decreased risk of cardiovascular disease and related death. Scientists in this area of research suggest that integration of spermidine in 
common diets may represent a cardio- and vascular-protective autophagy inducer in humans. The present article provides a brief review of 
the recent literature reporting on spermidine and takes the chance to make a first evaluation of the pharmacological potential of spermidine to 
reverse age-induced memory impairment, to protect the heart and to extent lifespan.
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Abbreviations: DMFO: a-difluoromethylornithine; GABR: Global Arginine Bioavailability Ratio; NOS: Nitric Oxide Synthase

Table 1: Search results at the PubMed data bank for spermidine articles.

Search term in Title and Abstract Number of articles First year-last year

Spermidine 12,074 1927-2017

Spermidine and Growth 2,983 1952-2017

Spermidine and Human 2,983 1948-2017

Spermidine and DNA 2,747 1961-2017

Spermidine and Cancer 2,057 1953-2017

Spermidine and Bacteria 1,904 1951-2017

Spermidine and Liver 1,171 1960-2017
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Spermidine and Brain 1,117 1964-2017

Spermidine and Plants 1,033 1950-2017

Spermidine and E. coli 963 1956-2017

Spermidine and Arginine 703 1962-2017

Spermidine and Kidney 473 1952-2016

Spermidine and Heart 287 1964-2017

Spermidine and Aging 219 1964-2019

Spermidine and Pregnancy 193 1968-2015

Spermidine and Supplementation 116 1972-2017

Spermidine and Longevity 35 1983-2016

Spermidine and Psoriasis 28 1975-2013

Spermidine and Lifespan 24 1985-2016

Spermidine and Helicobacter pylori 20 1996-2016

Figure 1: Two biosynthetic pathways generating spermidine (N-(3-aminopropyl)butane-1,4-diamine).

Spermidine is biosynthesized by microorganisms, plants 
and animals including humans [1-3]. Two possible biosynthetic 
pathways are illustrated in a simplified form in Figure 1. 
Hydrolysis of L-arginine by arginase yields L-ornithine which is 
decarboxylated by ornithine decarboxylase to form putrescine  
(butane-1,4-diamine or 1,4-diaminobutane). Putrescine can  

also be formed by hydrolysis of agmatine which is produced from 
L-arginine by the action of arginine decarboxylase. Putrescine is 
alkylated by the decarboxylated S-adenosyl-methionine which 
regularly serves as the major methyl (CH3) group donor for 
methyl transferases. Spermidine and other polyamines have been 
and are still subject of continuous scientific research from many 
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different disciplines (Table 1). Spermidine’s pharmacological 
properties including distribution, metabolism and excretion 
have been thoroughly investigated. A major fraction of injected 
spermidine is excreted in the urine [4]. Spermidine and other 
polyamines have been early and widely associated with growth 
(Table 1) and aging. They were found more than 50 years ago to 
stabilize various cellular and subcellular components including 
nucleic acids due to their polyvalent cationic structures.

Several analytical methods have been reported for the 
simultaneous measurement of spermidine, spermine and 
putrescine in human biological samples, including HPLC 
and GC-MS [5,6] and LC-MS/MS [7]. Polyamines including 
spermidine have been found at elevated circulating and urinary 
concentrations in a variety of diseases including cancer and 
psoriasis (Table 1). In plasma spermidine concentration was 
found to be 220 nM in healthy humans and 200-800 nM in 
cancer patients. Mean spermidine concentrations in urine were 
found to be also in the nM-range, e.g., 130 nM in healthy subjects, 
186 nM in diabetic patients and 680 nM in patients with severe 
complications [7].

Measurement of elevated spermidine concentrations in 
subjects suffering from various diseases has early prompted 
research on developing drugs to inhibit polyamine biosynthesis. 
One of these drugs is a-difluoromethylornithine (DMFO) [2]. 
More recent studies suggest that spermidine supplementation 
may exert beneficial effects on the brain and the heart, and can 
even extent lifespan. A selection of these studies is provided 
in Table 2 [8-31] and is briefly reviewed and discussed in the 
section that follows. Escherichia coli (E. coli) has been very 
often associated with polyamines (Table 1). The pathogenic 
Helicobacter pylori (H. pylori) from subjects infected with the 
bacterium produces large amounts of spermidine and histamine 
in culture [32]. The potential implication of H. pylori-derived 
spermidine in diseases remains to be investigated. Spermidine 
is considered an inducer of autophagy. For recent reviews and 
commentaries to autophagy and longevity and underlying 
mechanisms see References [33-42]. For the polyamine content 
of food see the recent review by Kalač [43].

Discussion
Spermidine and other polyamines are biologically active 

compounds and have numerous biological activities in humans. 
More recent non-human studies suggest polyamines as potential 
candidates for diseases associated with autophagy or impairment 
of memory due to advanced age. Due to their pharmacological 
potential, their toxicity and health risks have been thoroughly 
investigated twenty years ago. Oral acute toxicity of spermidine 
was determined to be 600mg (4.1mmol)/kg body weight in 
Wistar rats, with the no-observed-adverse-effect being 83mg 
(0.57mmol)/kg body weight [43]. Pharmacokinetic data for 
spermidine and other polyamines in humans are very scarce and 
need to be generated in carefully performed studies. The toxicity 
and health risks data observed in animals and the polyamine 

concentrations measured in healthy and diseased subjects 
provide an approximate idea of the dose regimen for spermidine 
supplementation in humans. 

Despite the long interest in polyamines, reference values 
and intervals have not been established thus far. Moreover, 
reported circulating and urinary polyamine concentrations vary 
considerably. As an example, plasma spermidine concentration 
lies between 0.2µM (healthy subjects) and 0.8µM (cancer 
patients) [6]. Spermidine concentration seems to be ten times 
higher in packed red blood cells (5-8µM) [43-45] compared 
to plasma, suggesting accumulation of spermidine in human 
erythrocytes. To our knowledge, there is only a single paper 
reporting on circulating spermidine concentration in healthy 
humans of both genders aging between 31 and 106 years. In 
the Group 1 (age range, 31-56 years) the spermidine median 
[95%CI interval] concentration was approximately 63 [48-100] 
pmol/mg whole blood proteins. In the Group 2 (age range, 60-80 
years) the spermidine concentration was approximately 23 [20-
30] pmol/mg protein, i.e., about three times lower than in Group 
1. In the Group 3 (age range, 90-106 years) the spermidine 
concentration was approximately 70 [48-81] pmol/mg protein, 
i.e., even higher than in Group 1 [18]. This is a very important but 
also surprising observation and needs evaluation in forthcoming 
studies.

Eisenberg et al. [31] reported that “In humans, high levels 
of dietary spermidine, as assessed from food questionnaires, 
correlated with reduced blood pressure and a lower incidence of 
cardiovascular disease.” 

As the authors acknowledged in their paper, estimation 
of dietary spermidine intake on the basis of food-frequency 
questionnaires is an indirect method. In our opinion, this 
estimation is not eligible to draw far reaching conclusions 
that spermidine is the elixir for cardioprotection and lifespan 
extension. This must yet be demonstrated in further studies. In 
this context, we should remember that the mean daily dietary 
intake of spermidine in Western countries ranges between 
7.9mg (54µmol) and 12.6 mg (87µmol) [43]. Even if these 
dietary spermidine amounts would be completely absorbed, the 
spermidine concentrations that would occur in blood and tissue 
would be not high enough to exert the reported effects in the 
majority of the studies in which spermidine was used mostly in 
the lower mM-range (Table 2). Eisenberg et al. [31] assumed that 
the blood pressure lowering effect of polyamines is presumably 
due to an increase of the bioavailability of L-arginine, but not 
data were reported about the nitric oxide (NO) synthesis 
from L-arginine. Based on the same thoughts and estimations 
stated above, dietary spermidine, and most likely other dietary 
polyamines, cannot considerably contribute to the global 
arginine bioavailability ratio (GABR), especially in regard to the 
about 1000 times higher dietary intake of L-arginine. Thus, food 
is likely to contribute to polyamines via bactericidal metabolism 
of exogenous L-arginine. 
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Table 2: Summary of selected articles on spermidine recently published in the PubMed [1].

Species  Biological Sample Condition Supplementation Effects Mechanisms Reference

Drosophila Chronic hypoxia, dietary  
polyamines (10mM) Longevity reduction [9]

Mice, aged Dietary spermidine (1540nmol/g, 
50 weeks)

Reduction of age-associated 
pathology and mortality [10]

Yeast, flies, worms Human 
immune cells

Spermidine: 20nM (for cells) 10, 
100, 1000, 4000µM (for other 

experiments)

Necrosis suppression, Longevity 
extension, Autophagy induction [11] [12] (commentary)

Ames dwarf mice (delayed onset 
of aging) No polyamine supplementation Hepatic microRNA-27a, GSH, Urea 

cycle, polyamine biosynthesis [13]

Mice Probiotic; Spermine content: 
0.15mg/kg/dose

Tended to live longer than 
controls (P = 0.096) [14]

Mouse embryonic fibroblasts Spermidine effective at 30nM Promotion (3-fold) of somatic cell 
reprogramming [14]

Mouse embryonic fibroblasts Spermidine effective at 30nM Promotion (3-fold) of somatic cell 
reprogramming [15]

Human cells, S. cerevisiae, C. 
elegans

Spermidine (concentration not 
reported)

Changes induction (>1.2-fold) in 
the acetylation of 560 peptides 
corresponding to 375 different 

proteins (170 part of the human 
autophagy protein network)

[16]

Rat astrocytes Spermine (1mM) Astrocytic coupling enhancement [17]

Drosophila melanogaster Paraquat intoxication (5mM) 
Spermidine treatment (0.1mM)

Enhancement of resistance 
to paraquat resistance and 
improvement of locomotor 

activity

[18]

Humans (78 healthy males and 
females; age, 31-106 years)

Blood polyamine (putrescine, 
spermidine, spermine) 

concentrations

Blood total polyamine 
concentrations lower in older 

subjects
[19]

HCT116 cells Spermidine (100µM) or 
Reservatrol (100µM)

Two distinct sequence motifs 
highly responsive to spermidine 

and resveratrol. Changes in 
phosphorylation during the 

autophagic response

[20]

Drosophila Spermidine (1mM; 5mM)

Suppression of age-induced 
memory impairment Authors 

suggest pharmacological use of 
polyamines

[21]

Extra virgin olive oil (EVOO) EVOO contains secoiridoids
Secoiridoid upregulation of 
spermidine/spermine N1-

acetyltransferease expression
[22] Perspective paper

eIF5A GC7 Spermidine analogue N1-
Guanyl-diaminoheptane

Autophagy inductor independent 
of eIF5A hypusination [23]

Mice
Arginine (0.2g/kg) LKM512 
(108 cfu/mice) (probiotic 

bifidobacteria)

1) Increase putrescine  
concentration in colon [24]

HT1080 cells Spermine (512µM, 1024µM) 2) Increase spermidine and 
spermine blood concentration [25]

Humans Spermidine as a putative energy 
restriction mimetics (ERM)

3) Improvement of longevity                
4) Protection from age-induced 

memory impairment
[26] Review article

Caenorhabditis elegans Spermidine (5mM) Activation of p53 Induction of 
autophagy [27]

MAF1 mice (MAF1 is important 
for metabolic economy) Maf1−/−

There are no known ERM that 
could be recommended without 

limitations for use in humans
[28]
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Mice

Skeletal muscle (SM) metabolomic 
analysis of polyamines in 20 week 

old male wild type (WT) and 
UCP1-transgenic (UCP1-TG) mice

1) Antizyme is expressed 
independent of spermidine [29]

Mice Mice old Dahl salt-sentive 
rats Humans

Oral spermidine supplementation 
No reported spermidine 

concentrations

2) Antizyme knockdown did not 
affect the lifespan of C. elegans [30]

Mice Apolipoprotein E-deficient 
(ApoE−/−)

Western-type diet for 20 weeks 
without or with spermidine 

(5mM) in drinking water

3) Antizyme inhibitor knockdown 
reduced lifespan [31]

AUTOPHAGIC PUNCTA paper A summary, review and discussion paper considering the results of the same 
groups reported in other papers including Ref. [31]. The authors speculate that polyamine reduces blood 

pressure mainly by increasing the global arginine bioavailability ratio (GABR), as L-arginine is the substrate 
for nitric oxide synthase (NOS) which converts L-arginine to nitric oxide (NO) and L-citrulline. NO is a 

potent vasodilatator. It is stated that spermidine is naturally present in human diets at varying amounts. 
The authors conclude that spermidine represents a cardio- and vascular-protective autophagy inducer that 

can be readily integrated in common diets. The authors disclosure potential conflicts of interest, as five 
authors have equity interests in TLL, a company founded in 2016 that will develop natural food extracts.

[32]

Therefore, if spermidine and other polyamines can indeed 
lower the blood pressure in humans, the underlying mechanisms 
are unlikely to be enhancement of the GABR. In mice, spermidine 
supplementation (3mM spermidine in drinking water for 4 
weeks; 3mM in vitro in cultured aortic rings) has been reported 
to improve arterial aging in terms of a normalization aortic pulse 
waive velocity, endothelium-dependent dilation, autophagy, 
and even to reduce oxidative stress (based on nitrotyrosine 
measurement) in the older animals [46]. Unfortunately, in 
this paper no circulating concentrations were reported for 
spermidine and for the NO metabolites nitrite and nitrate. Very 
recently, the L-arginine metabolism has been investigated in 
rat vestibular nucleus and cerebellum. Measured biomarkers 
included arginine, citrulline, ornithine, glutamine, glutamate, 
GABA, spermidine, spermine, putrescine and agmatine and 
NOS activity by measuring the 3H-L-arginine to 3H-L-citrulline 
conversion rate [47]. 

This assay is associated with remarkable pitfalls, most 
notably with unspecificity, in tissue homogenates because of 
their capacity to produce and utilize L-citrulline by alternative 
pathways [48]. The study revealed that brain L-arginine 
metabolism is influenced by age. With regard to spermidine, 
age-related differences were found in the cerebellum but not in 
the vestibular nucleus complex of the rats (age, 4 v. 24 months), 
and not between middle-aged and aged rats (12 vs. 24 months). 
With minor exceptions [11,15], reported effects of exogenous 
spermidine have been observed at very high concentrations, 
mostly at 3mM (435mg/L) to 5mM (725mg/L). These 
concentrations are three and four orders of magnitude higher 
than spermidine concentrations found in plasma and red blood 
cells of humans, respectively. Although supplementation of high 
amounts of spermidine, putrescine or spermine is feasible from 
a pharmaceutical point of view, it has first to be demonstrated 
that supplementation of polyamines to reach concentrations 
that were turned out to be effective in flies, worms and small 
animals (mice and rats), is safe in humans. 

Unfortunately, in the majority of the studies reported in 
the last decade, drug safety has not been implemented. Also, 
the potential formation of catabolic and metabolic reaction 
products of polyamines has not been considered at all. However, 
catabolism of polyamines produces many toxic compounds 
including H2O2 and aldehydes [43,49]. And last but not least 
important, spermidine can be nitrosated to N-nitrosospermidine 
which is further converted by cyclisation to N-nitrosopyrrolidine 
[50] which is classified as a possible carcinogen. Formation of 
nitrosopolyamines from polyamines and inorganic nitrite, that 
is abundantly present in human saliva, is favored under acidic 
conditions as they prevail in the stomach. In this context, a 
possible involvement of H. pylori which produces spermidine in 
large amounts [8] is worthy of investigation.

A first research paper on spermidine and spermine in tissues 
of rats of increasing age revealed that the spermidine content 
decreased in all tissues with increasing age, with the fall being 
most marked during the first month of life [51]. The spermidine/
spermine molar ratio in the tissues was highest immediately after 
birth. In contrast to other tissues, in rat brain the spermidine/
spermine increased from 1.3 to 2.1 during the first 9 months. 
Similar results were found in liver and kidney of rats aged 1, 3, 6, 
13 and 22 months [52]. 

In human brain, polyamines are heterogeneously distributed 
[53,54]. The highest spermidine levels were measured in 
white matter (20nmol/mg protein) and thalamus (9.3nmol/
mg protein) [29]. In contrast to rodents, spermidine levels in 
occipital cortex of neurologically normal human brain were 
found to increase markedly from birth, to reach maximal tissue 
content at the age of about 40 years and not to decrease up 
to senescence [53]. Spermidine tissue content was found to 
correlate positively with age from birth to adulthood (p=0.71, 
P<0.01, for day 1 to 50 years; p=0.40, P<0.01, for day 1 to 103 
years). In contrast to spermidine, putrescine and spermine tissue 
concentrations were found to be independent of age. In older 
adults (mean age, 58–85 years), spermidine content in several 
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brain regions was found to decrease with age [54]. Among the 
degenerative movement disorders investigated (Parkinson’s 
disease, Huntington’s disease to Progressive supra nuclear 
palsy), only spermidine putamen content was lower compared 
to healthy controls.

H. pylori has been declared as a definite gastric carcinogen 
[55]. The prevalence for H. pylori is about 50% around the world. 
This bacterium is considered to be responsible for about 90% 
of noncardia gastric cancer. The precise molecular and cellular 
mechanisms of gastric cancer development associated with H. 
pylori infection are still elusive. One possible mechanism could 
involve misregulation of p27 expression by H. pylori [55]. In 
cultures of this bacterium isolated from subjects infected with 
the H. pylori we measured large amounts of spermidine and 
histamine [8]. High circulating and urinary concentrations of 
polyamines are found in cancer patients [6]. One may therefore 
ask the question whether spermidine produced by H. pylori 
might be involved in gastric cancer. The potential implication 
of H. pylori-derived spermidine in diseases remains to be 
investigated. A very recent study revealed that spermidine, 
spermine and putrescine at very low concentrations (range, 8nM 
to 10µM) induced proliferation and migration of certain cancer 
cells by up regulating among others ornithine decarboxylase and 
by down regulating p27 [56].

Conclusion
Since the fall of mankind, human beings strive for longevity 

in good physical and mental health. Can Science, the modern 
Prometheus, disclose us the secret of the Gods? Are natural 
polyamines the elixir for long life and against dementia? Might 
spermidine be the core-polyamine for a long and dementia-
free life? Many sophisticated studies published in the last 
decade suggest that spermidine exerts beneficial effects in 
the cardiovascular system and in the brain, at least in yeast, 
flies, worms and small animals. Yet, in many respects human 
biology differs from that of rodents behave. With exception of 
isolated cells, where spermidine exerted remarkable effects 
at concentrations of the order of 20nM, too high spermidine 
concentrations have been supplied to achieve measurable 
biological effects.

 Within a few years, there is already a general belief that 
spermidine is an inducer of autophagy and that this prolongs 
life. Spermidine, being an L-arginine metabolite, seems to be 
associated with NO which plays multiple roles in the renal, 
cardiovascular and central nervous systems. Yet, can the results 
observed in microorganisms and small animals be translated 
to man? Is high dietary spermidine intake a risk-free option 
for good physical and mental health? Data from human studies 
on spermidine are very rare, contradictory and not convincing 
for example with respect to the inverse correlation between 
spermidine and blood pressure or risk of cardiovascular disease 
and related death. In the past, observations from the use of many 
antioxidants at high concentrations in vitro and in vivo animal 

experiments raised the expectations for health-promotion in 
humans, but large clinical studies were very disappointing 
[57]. For the same reasons, most notably use of irrelevantly 
high concentrations/doses and disregard of health-risk effects, 
this may also happen to the use of spermidine and/or other 
polyamines as supplements.  It’s a long way to Longevity! 
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