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Abstract 
Background: Current evidence suggests that upregulation of polyamines system plays a role both in cognitive deficit and synaptic loss observed in Alzheimer’s 
disease (AD). Objective: The aim of this study was to determine the plasmatic concentration of polyamines in mild cognitive impairment (MCI) and AD 
patients in comparison with healthy controls (HC). Methods: Plasmatic polyamines were quantified using the AbsoluteIDQ® p180 and liquid chromatography 
coupled to tandem mass spectrometry (LC/MS-MS). Results: The study group comprised 34 AD patients, 20 MCI and 25 HC. All individuals were followed 
for 4 years. During this period 8 amnestic MCI patients (40% of the MCI sample at baseline) converted to AD. Spermidine level was lower in both patient 
groups (AD; MCI) compared to HC (p = 0.007). Plasma levels of spermine were higher in the MCI group (p < 0.001), but decreased in the sub-sample of 
MCI patients who converted to AD (p = 0.043). No statistically significant differences were found in ornithine and putrescine levels (p = 0.056 and p = 0.126, 
respectively). Discussion: Our results suggest dynamic changes in the expression of polyamines in the MCI-AD continuum.
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Introduction

The clinical diagnosis of Alzheimer’s disease (AD) is a probabilistic 
definition that takes into account the patient’s complaints, the 
objective characterization of cognitive impairment, family history of 
dementia, neuropsychiatric examination, laboratory tests and brain 
imaging1,2. Brain imaging and cerebrospinal fluid (CSF) levels of beta-
amyloid peptide 42 (Aβ42), Tau and phosphorylated Tau can help 
in differential diagnosis of AD and can be useful for predicting AD 
in individuals with mild cognitive impairment (MCI)3,4. The search 
for biological markers in AD and related disorders is important for 
a better understanding of the pathophysiological process, and the 
clinical translation of this knowledge can provide support to the 
diagnostic workup and the prediction of dementia in patients with 
mild cognitive symptoms. New technologies have raised the possibility 
of using biological markers to reinforce the diagnosis of probable AD 
at early stages of the disease process5,6, addressing in vivo molecules 
related to core pathogenic mechanisms of AD and to surrogate 
markers of the neurodegenerative process, i.e., related to the formation 
of neuritic plaques and neurofibrillary tangles. Neuritic plaques are 
extracellular lesions and their main constituent is the amyloid-β42 
peptide (Aβ42). Neurofibrillary tangles are intracellular lesions and 
are mostly composed of hyperphosphorylated TAU protein7-9. Both are 
commonly referred to as ‘molecular’ markers of the disease process10,11. 

Polyamines (PAs) are low-molecular-weight organic compounds 
that perform important functions in cell growth and proliferation, 
gene transcription, protein synthesis, conformation of nucleic 

acid and apoptosis12,13. The biosynthesis of natural PA initiates 
from two amino acids, arginine (Arg) and ornithine (Orn). Orn 
is decarboxylated by ornithine decarboxylase (ODC), the limiting 
enzyme in the PA synthesis, first to putrescine, which is the immediate 
precursor for the synthesis of the spermidine and spermine. In 
mammalian cells, the main natural PAs are putrescine, spermidine 
and spermine14 that are localized inside and outside of cells, as well 
as in the plasma membrane (Figure 1)15,16. 

The effects of abnormal increases in the concentration of neural 
PAs are not clear. Nevertheless, current evidence suggests that 
upregulation of PA system plays a role in both cognitive deficit and 
synaptic loss observed in AD17. It appears that PAs and Aβ have 
several potential interaction sites in vivo, particularly in cellular 
organelles, in the cytoplasm and inside neuronal cells18. Aβ peptides 
have been shown to be responsible for upregulated PA metabolism, 
specifically, increased PA uptake and high ODC activity19,20. Also, PAs 
are critically involved in microtubule assembly and stabilization21-23. 
Recently, Vemula et al.24, determined the time course of the arginine 
metabolic profile changes in the frontal cortex and hippocampus 
(among others) when TAU synthesis is increased. They speculate a 
shift of L-arginine metabolism to favor the polyamine as a protective 
mechanism. In addition, spermidine and spermine have the ability 
to modulate several ion channels in the brain specifically related 
to the N-methyl-D-aspartate (NMDA) receptor25,26. Dysfunction 
of the NMDA receptor, established as neuronal excitotoxicity is 
hypothesized to be involved in the etiology of AD27,28. 
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Exploring the role of polyamines in the pathophysiology of AD 
and its prodromal phase MCI represents an alternative to developing 
biomarkers. Thus, the aim of this study was to determine the 
plasmatic concentration of PAs in MCI and AD patients compared 
to healthy controls.

Material and methods

Subjects

Eligible subjects were recruited from a cohort of community-dwelling 
older adults attending a psychogeriatric outpatient facility at the 
Institute of Psychiatry, Faculty of Medicine, University of São Paulo, 
Brazil. Participants, mostly from the hospital catchment area, were 
either outpatient undergoing treatment for cognitive disorders or 
healthy volunteers in a longitudinal follow-up study conducted 
at the memory clinic. Seventy nine subjects were enrolled in this 
study: 34 AD, 20 amnestic MCI and 25 physically and cognitively 
healthy controls (Table 1). In the last 6 months prior to enrolment 
in the study, patients and the control group did not use AChEi or 
other drugs (e.g. neuroleptics, antidiabetic, lithium, antidepressants 
and anticonvulsants). Subjects with other psychiatric or neurologic 
diseases and others dementias were excluded. The diagnosis of mild 
to moderate AD was established according to the NINCDS-ADRDA 
diagnostic criteria29. The clinical condition of MCI was determined 
according to the Petersen criteria30. Blood samples were collected at 
baseline. The Cambridge Cognitive Test (CAMCOG)31 and Mini-
Mental State Examination (MMSE)32 assessed at baseline and at one-
year intervals cognitive impairment. Obviously, the cognitive scores 
were different between the groups, with decreased performance in 
MCI and in AD patients (Table 1).

All individuals were followed during 4 years. During this period, 
8 amnestic MCI patients converted to AD (converters MCI-AD) and 
12 did not (MCI-NC). These eight MCI patients performed new 
blood collection after conversion.

The study was approved by the Local Ethics Committee of 
University of Sao Paulo (CAPPesq nº 943.883) and performed in 
accordance with the Helsinki declaration. All subjects provided 
written informed consent prior to inclusion in the study. The 
sociodemographic characteristics of the patients and controls are 
summarized in Table 1. All results were controlled for years of 
education and gender because of statistical differences.

Sample preparation

Blood samples of all subjects were collected in EDTA-coated 
tubes (Vacuntainer, Bencton Dickison) for plasma metabolite 
determination after 8 hours of fasting. Samples were centrifuged 
at 20 °C and 1,800g for 15 min and stored at -80 °C until analysis.

Polyamines quantification

We analyzed endogenous metabolites with an AbsoluteIDQ® p180 
kit (Biocrates Life Science AG, Innsbruck, Austria), and performed 
a targeted quantitative and quality controlled assay using liquid 
chromatography coupled to tandem mass spectrometry (LC-MS/
MS). In brief, after the addition of 10 uL if the supplied internal 
standard solution to each well on a filterspot of the 96-well extraction 
plate, 10 uL of each plasma sample, quality control samples, blank, 
zero sample, or calibration standard were added to the appropriate 
wells. The plate was then dried under a gentle stream of nitrogen. 
The samples were derivatized with phenyl isothiocyanate (PITC) 
for the biogenic amines, and dried again. Sample extracts were 
diluted with either 40% methanol in water for the LC-MS/MS 
analysis. This technique uses isotope-labelled internal standards 
and provides quantitative results based on calibration curves and 
quality control analyses. Low/mid/high level QC samples provided 
by Biocrates Life Science AG were prepared and analyzed on each 
plate as recommended by the manufacturer. These QC samples were 
used for a technical validation of each kit plate. To allow appropriate 
inter-plate abundance scaling based specifically on this cohort of 
samples, we generated a Study Pool QC by combining approximately 
10 μl from the first 20 samples for analysis. This sample was frozen 
and analyzed on each plate. This analysis was performed on a triple-
quadrupole mass spectrometer (Xevo TQ-S, Waters Corporation, 
USA), using positive electrospray ionization operating in the Multiple 
Reaction Monitoring (MRM) mode. MRM transitions (compound-
specific precursor to product ion transitions) for each analyte and 
internal standard were collected over a scheduled retention time 
window using tune files and acquisition methods provided in the 
AbsoluteIDQ p180 kit. The plasma samples were processed according 
manufacturer instructions. Chromatographic separation of biogenic 
amines was performed using an ACQUITY UPLC System (Waters 
Corporation) using an ACQUITY 2.1 mm × 50 mm 1.7 μm BEH C18 
column fitted with an ACQUITY BEH C18 1.7 μm VanGuard guard 

Figure 1. Polyamines structures and biosynthesis pathway.
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Table 1. Socio-demographic characteristics of patients and controls
Diagnosis AD 

(n = 34)
MCI 

(n = 20)
HC 

(n = 25)
p

Gender (M/F) 10/24 3/17 7/18 0.47
Age (mean ± sd) 75.0 ± 6.7 73.9 ± 6.2 74.4 ± 5.8 0.81
Years of education (mean ± sd) 6.2 ± 3.8 7.8 ± 4.4 13.2 ± 5.7 0.01
MMSE (mean ± sd) 19.0 ± 5.0 27.0 ± 2.0 29.0 ± 1.0 <0.01
CAMCOG (mean ± sd) 57.0 ± 18.0 86.0 ± 9.0 95.0 ± 6.0 <0.01

M: male; F: female; sd: standard deviation; AD: Alzheimer’s disease; MCI: mild cognitive 
impairment; HC: healthy control; MMSE: Mini-Mental State Examination; CAMCOG: Cambridge 
Cognitive Test. Bold values indicate significant p-values.
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column, and quantified by calibration curve plotting ratio of analyte 
to internal standard versus standard concentration, fitted using a 
linear regression with 1/x weighting. All biogenic amines utilize 
either deuterated or 13C stable-isotope labeled internal standard 
of the exact analyte or closely-eluting compound of similar class. 
MassLynx v4.1 software (Waters Technologies) was used to calculate 
the concentrations of metabolites, peak integration and calibration. 
The data from MassLynx were analyzed using Biocrates’ MetIDQ 
v5.4.8 software.

Statistical analysis

We performed the statistical analysis using the software SPSS v.22 
(Statistical Package for Social Science, Chicago, IL). For gender 
distribution analysis, we used Chi-square test. We checked normality 
assumptions with QQ plots. For variables with normal distribution 
we analyzed by ANOVA test; Kruskal-Wallis test for variables with 
non-normal distribution; Dunn-Bonferroni for pairwise comparison. 
We used Wilcoxon test to compare longitudinally MCI patients that 
have converted to AD. The statistical significance adopted for all 
analyses was p ≤ 0.05 (α = 95%). 

Results

Plasmatic concentrations of spermidine were lower in patients with 
any degree of cognitive impairment (AD and MCI) as compared to 
healthy controls (p = 0.007) (Figure 2).  

The MCI patients grouped in MCI who subsequently converted 
in AD (MCI_AD) and MCI no converters presented no statistical 
differences in polyamines levels, however, the sub-sample of MCI 
patients who progressed to dementia upon follow-up also had lower 
plasma concentrations of spermine at baseline (Figure 3).

Figure 2a. Concentration of PAs metabolites in AD and MCI patients 
– Levels of spermidine in AD and MCI patients are lower than in HC.  
p: significance of post-hoc tests; AD: Alzheimer’s disease; MCI: mild cog-
nitive impairment; HC: healthy controls.

Spermine levels were higher in the MCI group compared to the 
other two groups (p = <0.001).

Figure 2b. Concentration of PAs metabolites in AD and MCI patients – 
Spermine levels in MCI patients are 3 times higher than in AD patients and 
HC. p: significance of post-hoc tests; AD: Alzheimer’s disease; MCI: mild 
cognitive impairment; HC: healthy controls.
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Figure 3. Concentration of plasmatic spermine in 8 patients whom converted 
from MCI (T0) to AD (T1) after 4 years’ clinical follow-up).
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No statistically significant differences were found in plasmatic 
levels of arginine, ornithine and putrescine between the three groups 
(Table 2). The difference in frequency of participant’s gender was the 
same in all groups (p = 0.47; Table 1). There was also no association 
with any polyamines’ levels and gender. Either way, the results were 
controlled by gender and years of education.

Discussion

In this study, we determined plasmatic levels of the amino acids 
arginine and ornithine, and the polyamines putrescine, spermidine 
and spermine, searching for differences in the concentrations of 
these amine-containing molecules in patients with mild and severe 
cognitive impairment (i.e., MCI and AD) compared to healthy, 
age-matched controls. We found no alteration either on arginine, 
ornithine or putrescine. Mean spermine concentrations were three 
times higher in the MCI group as compared to controls and AD but, 
interestingly, these levels were actually decreased in the sub-sample 
of MCI patients who converted to AD. Spermidine levels were also 
lower in AD and MCI groups when compared to healthy controls.

The above findings are in agreement with the emerging 
evidence from studies supporting changes in PAs in cognitive/
neurodegenerative disorders such as AD and its prodromal phase 
MCI. Brain metabolic profiling studies also indicate that changes in 
PAs pathway do occur in AD, along with an increment of spermidine 
and spermine in localized brain regions as frontal lobe and parietal 

Table 2. Concentration (nmol/L) of polyamine pathway metabolites in AD 
and MCI patients 
Metabolite AD MCI HC p
Arginine
Ornithine 

69.62 ± 18.04
64.07 ± 19.42

63.02 ± 1871
59.34 ± 18.47

80.52 ± 44,64
79.84 ± 49.15

0.111
0.056

Putrescine 0.08 ± 0.07 0.14 ± 0.05 0.43 ± 1.07 0.126
Spermidine 0.90 ± 0.48 1.54 ± 1.51 7.47 ± 4.18 0.007
Spermine 14.34 ± 15.73 41.71 ± 18.33 13.13 ± 11.28 <0.001

AD: Alzheimer’s disease; MCI: mild cognitive impairment; HC: healthy controls. Data are presented 
as mean ± standard deviation. Bold values indicate significant p-values. 
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lobe; putrescine levels were increased in frontal lobe31. Further, 
changes in concentrations of plasmatic PAs have also been described. 
Graham et al. proposed that these changes might help predict the 
conversion to dementia in MCI patients up to 2 years before the onset 
of functional deficits33. Their study showed that MCI subjects who 
subsequently developed dementia (AD) present higher plasmatic PAs 
levels as compared to stable cases of MCI33. Our study corroborates 
Graham et al., since we found an increased PAs level 4 years before 
the onset in a small subset of MCI_AD patients. 

Luo et al. showed that PAs might interact with amyloid-beta 
(Aβ) promoting its fibrillation and reducing the neurotoxicity of 
Aβ peptides34. Hence, PAs, especially spermine, may interact with 
toxic Aβ forms promoting the structural transition of Aβ toward less 
toxic fibrillary conformations. This increase of spermine level might 
be a physiological attempt to decrease neurotoxicity of Aβ18,34. In 
accordance with these findings, our results suggest that pathological 
process in AD is associated with depletion of protective PAs spermine 
and spermidine, given that the plasmatic concentrations of these 
two molecules are reduced both at pre-dementic and dementic 
stages of the MCI-AD continuum. Notwithstanding, it is possible 
that adaptative responses may upregulate the expression of the 
former, leading to a temporary, but significant three-fold increase 
in the expression of spermine in MCI. We hypothesize that, in the 
presence of continuous/progressive Aβ toxicity, the exhaustion of this 
adaptative response may ultimately lead decrease in the availability 
of this PA35.

There are few metabolomics studies with plasma reporting 
polyamine changes in AD patients. The findings regarding putrescine 
and spermidine plasmatic levels are still inconclusive in AD and 
MCI33. Our results do not show any statistically significant differences 
in putrescine levels between the three groups. However, it has been 
reported that stable MCI subjects present higher plasmatic putrescine 
levels33. Although putrescine is increased in certain brain regions 
of AD patients, in plasma it seems not to accumulate because it 
is preferentially uptaken as a precursor for the synthesis of the 
spermidine and, subsequentially, the spermine33,27. Spermidine in 
plasma has been reported to be decreased in stable MCI patients, but 
not in MCI who afterwards developed to AD, which was interpreted 
as possible predictor of conversion to AD33. 

The small sample size from each diagnostic group is an important 
limitation of the study, therefore the results should be replicated in 
an independent and larger sample to reinforce these findings. In 
addition, it is necessary to validate these findings in other sample 
cohorts.

Conclusions

Interestingly, our results suggest dynamic changes in the expression 
of spermine in the MCI-AD continuum, which reinforce the need 
for additional studies in this field aiming at a better understanding of 
the role of these important mediators in the pathophysiology of AD.  
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