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Abstract
Mild cognitive disorder (MCI) may precede the onset of cognitive decline. Neuroinflammation may have a leading role in early

phase of many neurocognitive diseases and may represent a useful target to limit MCI progression. Palmitoylethanolamide is
endowed with anti-inflammatory and neuroprotective activities. Its formulation containing luteolin (PEALut) has been found to

improve memory impairments in experimental models and in cognitively impaired patients suggesting its potential use for delaying
the dementia onset. This retrospective study provides a preliminary evaluation of PEALut effect on clinical aspects in MCI subjects.

Data related to three MCI subject groups, matched case control for age, sex and comorbidity, were obtained via retrospective chart

review. Groups received PEALut, dietary food and no treatment, respectively. Mini-Mental State Examination (MMSE) questionnaire
was used to evaluate cognitive symptoms; Activity Daily Living and Instrumental Activity functional Daily Living were used for

measuring activity daily living and functional status; UCLA-Neuropsychiatric Inventory was used for behavioral symptoms. All

evaluations were performed at the baseline and after 6 months. PEALut group showed a significant improvement in short-term
memory MMSE domain. Non cognitive behavioral disturbs were also improved in PEALut group. This latter effect seems to be limited

to nonamnestic MCI patients. The data reported add another piece of the framework of evidence supporting the ability of PEA, or its
composites, to slow down the progression of diseases of the central nervous system, and encourage to perform a double-blind clinical
study to deepen PEALut effects on cognitive and non cognitive alterations.
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Introduction
Mild cognitive disorder, also named mild cognitive impairment

(MCI), is defined as a slight alteration in cognitive function with
otherwise normal function in the performance of daily living

(Diagnostic and Statistical Manual of Mental Disorders, DSM-5).
These criteria select subjects with a normal cognitive functions but

amnesic functions similar to those of subjects with mild Alzheimer
disease (AD) [1]. Longitudinal studies have shown that these

subjects have a higher risk of developing AD, whose estimate ranges
from 10 to 50%, based on the clinical criteria and time of follow up

[2-5]. Subjects with MCI often present neuropsychiatric symptoms;

in particular, apathy and depression have been suggested to
be key indicators for progression to AD [6]. MCI may either be
symptomatic of normal aging or a transition to early AD or other
dementias [7]. MCI subjects are usually classified as amnestic MCI

(aMCI) when the memory loss is predominant and it is associated
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with high risk to further conversion to AD [7] and nonamnestic MCI

(non aMCI) when impairments are present in other domains than
memory and have a higher risk to convert to other dementia forms
such as diffuse Lewy body dementia.

To date, there are no specific treatments for AD, the progressive

and multifaceted degenerative phenotype suggests that new

successful treatment strategies need to be equally multi-faceted
and stage-specific. Given the poor efficacy of available treatments

09

A recent study reported the case of an aMCI patient, who was

treated for 9 months with high-dose PEALut, with a significant
improvement of cognitive performances, documented by a 99mTc

HMPAO single-photon emission computed tomography (SPECT)

[21]. The positive PEA or PEALut effects on cognitive functions
have been confirmed in clinical trials with different primary endpoints [22-24].

Given these evidence, our retrospective study aims to provide a

for overt dementia [8], much effort has being directed to identify

preliminary evaluation of the effect of PEALut on clinical aspects of

point out a lack of control of neuroinflammation as a leading actor

Patients and Methods

strategies for limiting MCI progression, given the potential of such
interventions to prevent/delay dementia onset. Growing evidence
in neurodegeneration and dementia onset, suggesting that the cell
populations which orchestrate it (e.g. microglia, astrocytes, mast
cells) may represent new promising therapeutic targets for limiting
MCI progression [9-12].

Palmitoylethanolamide

(PEA)

is

an

endogenous

lipid

mediator used in clinic practice for its neuroprotective, antineuroinflammatory and pain relieving properties [13-15].

In particular, PEA reduced the cognitive impairments in an AD

experimental model based on Aβ25–35 peptide intracerebral injection
[16]. More recently, beneficial PEA effects on both cognitive and

other non-cognitive impairments have been demonstrated in
3xTg-AD mice, at two different stages of the pathology [17]. PEA,
in its ultramicromized form (µmPEA), rescued cognitive functions

in 6-month-old 3xTg-AD mice such as short- and long-term
memory, contextual learning and memory, and spatial learning. In

12-month-old 3xTg-AD mice, PEA significantly improved the shortterm memory, with no significant effects on long-term memory.

Among formulations containing µmPEA, the co-ultramicronized

composite PEALut also contains luteolin (Lut) [18]. Lut is an

important member of flavonoid family and exhibits strongly
anti-inflammatory, antioxidant and phytoestrogen-like activities.
An anti-amnesic and protective effect of Lut against Aß25-35-

induced toxicity in mice has been reported [19], beside studies
demonstrating that Lut modulates processes of synaptic plasticity,
protects synapses from detrimental effects of chronic cerebral

hypoperfusion in rats, which may contribute to protective effects
of Lut on learning and memory as in neurodegenerative disorders

MCI subjects compared to non treaded-MCI controls or MCI receiving a supplementary food.

Data source and subjects
Data relative to eighty subjects (45 female and 35 male) with

diagnosis of MCI made at the Cognitive Disorders and Dementia
Unit, Primary Care Department, Local Agency for Health (AUSL)

of Modena, during 2017, were obtained via retrospective chart review.

Subjects meeting DSM-5 criteria for mild cognitive disorder

(MCI) were included in the study.

Exclusion criteria included the presence of major depressive

disorder and diagnosis of major cognitive disorder (DSM-5).

The MCI subjects who freely underwent PEALut (group A), di-

etary supplement (group B) or none (group C) treatments were
selected for this study. Group A received 700+70 mg/die microgranules PEALut for the first month followed by PEALut tablets,

400+40 mg/die. Group B received a dietary supplement based on

Choline, Homotaurin, vitamin B12 and vitamin E at the doses suggested by the producers.

The use of clinical data of subjects with diagnosis of MCI per-

formed at the Cognitive Disorders and Dementia Unit, Primary
Care Department, Local Agency for Health (AUSL) of Modena ob-

tained via retrospective chart review was approved by the director
of complex operating unit dated March 3, 2018 and an informed
consent of all participants was obtained in accordance with guidelines of the Helsinki Declaration.

like AD [20].
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Cognitive functions, daily living and functional status evalua-

Groups

tions
Mini-Mental State Examination (MMSE) corrected for age and

education was used to evaluate cognitive functions, Activity Dai-

ly Living (ADL) and Instrumental Activity functional Daily Living
(IADL) were used for activity daily living and functional status.
Non cognitive functions evaluations

UCLA-Neuropsychiatric Inventory (NPI) was used to assess be-

havioral symptoms.
Data analysis

All evaluations were performed at the baseline (T0) and after

6 months (T1). Statistical analyses were performed with SPSS statistical package. Descriptive statistics (means and standard deviations) were calculated for each of the cognitive and non-cognitive

A
n (F/M) 35 (16/19)
Age

80.9 ± 6.3

IADL

5.4 ± 1.5

MMSE
ADL
NPI

24.2 ± 3.3
5.7 ± 0.5

10.1 ± 7.4

p

B

C

21 (12/9)

24 (17/7)

0.160

5.3 ± 1.1

4.9 ± 1.3

0.005

82.1 ± 5.9
25.3 ± 2.4
6.1 ± 2.2
8.0 ± 6.9

82.2 ± 3.9

10

0.581

24.2 ± 3.1

0.359

4.8 ± 2.2

0.084

15.7 ± 12.4

0.013

Table 1: Demographic and clinical characteristics of the studied
groups at baseline examination. A, B, C = PEALut, dietary supplement and MCI control group, respectively. Data are expressed as

mean scores ± SD. Chi square test was used to compare gender between groups, one way ANOVA for the other parameters.

measures at each time point. Total score related to cognitive and

tive in clinical impairment) were analyzed with t-test for paired

ences between groups (MMSE, ADL, IADL, NPI) were analyzed by

ment (Table 3).

non-cognitive questionnaires was evaluated. For MMSE, the total

score of selected items was also performed. Quantitative differ-

ANOVA, followed by LSD post hoc analysis. Paired t-test was used
to measure differences in indices between T0 and T6. Chi-square
was used to compare qualitative differences (sex) between groups.
p values < 0.05 were considered statistically significant.

Results

Data from 80 MCI subjects of which 45 females and 35 male

were analyzed. At baseline, subject groups did not differ for sex

sample, a significant improvement of short memory was observed
in subjects belonging to the group A who received PEALut treat-

MMSE
ADL

IADL
NPI

Groups

p

A

B

C

0.0 ± 2.6

0.2 ± 2.9

-0.6 ± 3.0

0,691

-2.4 ± 6.9

-3.3 ± 12.1

0,937

-0.2 ± 0.5
-0.2 ± 1.1
-3.2 ± 7.1

0.1 ± 7.0

-0.8 ± 1.5

0.0 ± 0.6

-0.2 ± 0.9

0,161
0,119

and age (Table 1. Chi-square test). Cognitive impairment was equal

Table 2: MMSE, IADL, ADL and NPI ∆ mean values in the analyzed

activities (Table 1). ADL and NPI total scores were significantly

T1-T0 scores. Group A: n = 35; group B: n = 21; group C: n = 24. One-

in groups A, B and C, all presented slight alteration in cognitive
functions and normal functions in the performance of daily living

different in the group C as compared to groups A and B (ANOVA
followed by LSD post hoc analysis).

To compare cognitive and non-cognitive symptoms in MCI

subject groups receiving PEALut, dietary supplement or no treatment, the difference of scores achieved at the end of treatments

(6 months) minus baseline values (∆=T1-T0) was determined.
MMSE, IADL, ADL and NPI ∆ mean values analyzed with one way

ANOVA followed by LSD post hoc analysis showed no significant

group differences (Table 2). However, when the values related to
some MMSE items (those that in our experience are more sensi-

groups. A, B, C = PEALut, dietary supplement and MCI control
group, respectively. Data are the mean ± SD evaluated as delta of
way ANOVA was used to obtained p values.

Moreover, MCI subjects treated with PEALut showed a

significant improvement of neuropsychiatric symptoms at the end

of the treatment, in fact, the NPI total score goes from 10.1 ± 7.4 at
baseline to 7.0 ± 6.6 after six months treatment (p = 0.011, t-test for
paired sample Table 4). When aMCI and non aMCI subjects were

analyzed separately, the PEALut effect was confirmed in non aMCI

subjects but not in aMCI. No change in NPI total score was observed

in groups that received dietary supplement (B) or no treatment (C;
Table 5).
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MMSE item

A

B

11

C

T0

T1

p

T0

T1

p

T0

T1

p

Orientation

4.0 ± 1.4

3.8 ± 1.8

> 0.05

4.1 ± 1.3

4.1 ± 1.4

>0.05

3.8 ± 1.1

3.7 ± 1.3

>0.05

Praxia

0.6 ± 0.5

0.7 ± 0.5

> 0.05

0.8 ± 0.4

0.76 ± 0.4

>0.05

0.5 ± 0.5

0.5 ± 0.5

>0.05

Attention

Short Memory

3.2 ± 1.8
1.3 ± 1.0

3.0 ± 1.8

> 0.05

1.7 ± 1.1

3.2 ± 1.6

0.021

1.8 ± 1.1

3.1 ± 1.7
2.0 ± 1.1

>0.05
>0.05

2.8 ± 2.0
2.0 ± 1.0

2.7 ± 1.7
2.0 ± 1.1

>0.05
>0.05

Table 3: Mean scores of some MMSE items in subjects who received PEALut (A), dietary supplement (B) or no treatment (C). Data are

expressed as mean scores ± SD; T0 = baseline; T1 = 6 months. Group A n = 35; group B n = 21; group C n = 24. T-test for paired samples
was used to obtained p values.
Group

n

T0

T1

p

A

35

10.1 ± 7.4

7.0 ± 6.6

0.011

B
C

21

8.0 ± 6.9

24

15.7 ± 12.4

5.5 ± 5.8

12.4 ± 9.6

>0.05
>0.05

Table 4: Mean scores of total NPI in MCI subjects who received
PEALut (A), dietary supplement (B), no treatment (C). Data are

expressed as mean scores ± SD; T0 = baseline; T1 = 6 months. t-test
for paired samples was used to obtained p values.
Group
aMCI

non aMCI

n

T0

T1

p

12

8.7 ± 7.3

6.7 ± 7.0

>0.05

23

12.2 ± 10.0

8.7 ± 8.2

0.007

down the onset of AD and other dementias.

The results of this retrospective study show a significant im-

provement of short memory in MCI subjects who had taken PEALut

for six months. These subjects also showed a significant improvement of neuropsychiatric symptoms.

Our results give support to a recent case report [21] described

PEALut benefit in a 67-years elder affected by aMCI who showed
a significant improvement of cognitive performances besides an

almost perfusion SPECT normalization after 9 months treatment.

A PEALut-induced improvement of cognitive functions has been
reported in older people with mood disorders [24] as well as in
sub-acute/chronic post-stroke patients [22].

The finding that we observed an effect only on short-term mem-

Table 5: Mean scores of total NPI in aMCI and non aMCI subjects

ory and not on total MMSE score may likely be due to low sever-

months. T-test for paired samples was used to obtained p values.

supported by analogous results obtained in different experimen-

who received PEALut (A), dietary supplement (B) or no treatment

(C). Data are expressed as mean scores ± SD; T0 = baseline; T1 = 6

None of the participants reported side effects attributable to

PEALut or to food supplement intake.

Discussion and Conclusion

The increase in the older people population together with that

ity of cognitive impairments in the study population. Even if small,

improvement of short-term memory is clinically relevant, and it is
tal models [17,25-26]. Short-term memory is among the first cognitive symptoms that occur in MCI [27], the finding that PEALut

counteracts it suggests that the composite could slow down the
progression of the symptoms.

Beside cognitive, behavioral and psychological symptoms are

of AD and other types of dementia constitute a dramatic challenge

common in MCI and are associated with a higher risk of dementia

to exploit and maximize the cognitive resources of subjects with

lusions, hallucinations, disinhibition and psychomotor alterations

for public health services. The enormous social impact and the lack

of effective pharmacological treatments make the research of ways
initial symptoms of dementia of most importance to reduce or slow

[28]. It has been recently reported that NPI symptoms are frequent

in MCI when compared to cognitively normal. Higher odds for de-

have been reported when comparing MCI subjects with those who
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were cognitively normal [6]. Our study shows that PEALut signifi-

data encourage to perform a larger, randomized study to validate

non aMCI vs aMCI may explain the difference in the response to

order to test a dosages comparable to those used in other studies

cantly reduced non cognitive symptoms (NPI) present in MCI. The
relatively higher, and non statistically significant, deficits found in

PEALut. A significant amelioration in the behavioral symptoms, as
measured by changes from baseline NPI mean score, has been also

recently observed in patients affected by frontotemporal dementia after 4 weeks treatment with PEALut. Importantly, this effect

was paralleled by an improvement in frontal executive functions
as revealed by an improvement in the Frontal Assessment Battery

score [29]. These evidence suggest that PEALut can act both on the
cognitive components and on non-cognitive symptoms in patients
with dementia or those that risk to develop it.

Neither our data nor those reported in patients with dementia

provide indications on how PEALut induces its effects in cognitively
impaired patients. It is now known that PEA can act via multiple

mechanisms. The first mechanism of action for PEA was proposed
by Rita Levi-Montalcini’s research group, who suggested that

PEA acts via ‘Autacoid Local Injury Antagonism (ALIA)’ to down-

regulate mast cell activation [30,31]. Later, the existence of a
direct receptor-mediated mechanism was proposed, and several

studies demonstrated that PEA can act on many non-neuronal

cells [32] (i.e. mast cell, microglia, astrocytes, oligodendrocytes)
via direct activation of at least two different receptors: the PPAR-α

[33] and the orphan GPCR55 [34]. The final action of PEA is the

control of neuroinflammation with consequent neuroprotection
and pain relief. Since some authors have suggested a correlation

between neuropsychiatric symptoms and pro/anti-inflammatory
equilibrium in cerebrospinal fluid [35], it is likely that the PEALut

effect on behavioral and psychological symptoms might be ascribed

PEALut as a strategy for limiting MCI progression. In particular, it

would be appropriate to evaluate a higher dosage of PEALut, in
[22,24].

Further studies would be desirable also considering both the

safety of the product and the urgency of characterizing innovative
products for limiting MCI progression.
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