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Abstract: Symptoms of cognitive impairment are rather common since the early stage of Parkin-
son’s disease (PD); they aggravate with disease progression and may lead to dementia in a signifi-
cant proportion of cases. Worsening of cognitive symptoms in PD patients depends on the progres-
sion of subcortical dopaminergic damage as well as the involvement of other brain neurotransmitter
systems in cortical and subcortical regions. Beyond the negative impact on disability and quality of
life, the presence and severity of cognitive symptoms may limit adjustments of dopamine replace-
ment therapy along the disease course.
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This review focuses on the consequences of the administration of monoamine-oxidase type B-

inhibitors (MAOg-I) on cognition in PD patients. Two drugs (selegiline and rasagiline) are available
for the treatment of motor symptoms of PD as monotherapy or in combination with L-DOPA or do-
pamine agonists in stable and fluctuating patients; a further drug (safinamide) is usable in fluctuat-
ing subjects solely.
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DOI- The results of available studies indicate differential effects according to disease stage and drug fea-

10.2174/1570159X20666220905102144 tures. In early, non-fluctuating patients, selegiline and rasagiline ameliorated prefrontal executive

@ functions, similarly to other dopaminergic drugs. Benefit on some executive functions was main-
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tained in more advanced, fluctuating patients, despite the tendency of worsening prefrontal inhibito-

ry control activity. Interestingly, high-dose safinamide improved inhibitory control in fluctuating pa-

tients. The benefit of high-dose safinamide on prefrontal inhibitory control mechanisms may stem

from its dual mechanism of action, allowing reduction of excessive glutamatergic transmission, in
turn secondary to increased cortical dopaminergic input.
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1. INTRODUCTION The pathophysiology of NMS in PD is rather complex.
Clinical-pathological studies showed the involvement of
several brainstem and cortical regions containing both do-
paminergic and non-dopaminergic neurons. In particular,
dopaminergic, serotonergic, noradrenergic, cholinergic,
GABAergic and glutamatergic mechanisms co-participate in
the expression of several NMS.

1.1. Parkinson’s Disease

Parkinsonism refers to any clinical condition featuring
bradykinesia combined with rigidity or resting tremor. Idio-
pathic Parkinson’s disease (PD) is the most frequent cause of
parkinsonism in adults. PD is a chronic progressive neuro-
degenerative condition of unknown etiology characterized by

degeneration of dopamine (DA)-containing neurons in the 1.2. Cognitive Impairment in PD

mesencephalic substantia nigra pars compacta [1]. Besides
parkinsonism, PD patients frequently experience a variety of
non-motor symptoms (NMS), including autonomic, neuro-
psychiatric, sleep, sensory and cognitive disturbances [2].
Some NMS may even precede the onset of motor symptoms
[2, 3].
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Cognitive symptoms are relatively frequent in PD pa-
tients, being present in up to 83% of cases [2]. Cognitive
impairment negatively influences the autonomy and quality
of life of affected subjects [3, 4] and aggravates caregiver
burden [2, 4]. In early PD stage, cognitive impairment takes
the features of the dysexecutive syndrome, with a deficit of
attention, working memory, information processing, and
verbal and visual spatial functions [3, 5, 6]. These symptoms
depend mostly on dopaminergic denervation in frontostriatal
circuitries regulating cognitive and affective responses, in
particular the dorsolateral prefrontal cortex, and less severely
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the orbitofrontal and anterior cingulate cortices [6-8]. Inter-
estingly, DA replacement therapy (DRT) administered to
drug-naive and/or early-stage PD patients for controlling
motor symptoms may ameliorate cognitive and affective
features as well [9-13].

With disease progression, however, dysexecutive symp-
toms progressively worsen, and more than 20% of patients
evolve into the condition of PD-dementia [7, 8] with
memory impairment, disorientation, and multiple deficits of
cortical functions. These cognitive symptoms are frequently
associated with neuropsychiatric features, such as visual hal-
lucinations, delusions, and psychosis. The main pathophysio-
logical mechanism underlying dementia in PD is the spread-
ing of alpha-synuclein aggregates (Lewy bodies) to limbic
structures and neocortical regions [14]. Moreover, amyloid
plaques and tau-related pathology may occur, suggesting a
possible overlap with Alzheimer’s Disease [15]. In the ad-
vanced PD stage, multiple neurotransmitter/receptor systems
contribute to cognitive impairment. Derangement of dopa-
minergic projections to prefrontal regions and the striatum is
related to disturbances of cognitive flexibility, planning,
problem-solving, task switching, verbal fluency, working
memory and inhibitory control [16]. Cholinergic dysfunction
is responsible for the impairment of selective attention and
strengthening of salience [17, 18], as well as posterior corti-
cal deficits [5, 17-19]. Impairment of adrenergic projections
from the locus coeruleus to the prefrontal cortex compromis-
es vigilance, responsiveness, cognitive flexibility, and inhibi-
tory control [20, 21]. Serotonergic dysfunction has a crucial
role in mood disorders, hallucinations, and psychosis [22],
and contributes to motor, cognitive and neuropsychiatric
features of advanced PD stage through complex interactions
with GABAergic and glutamatergic pathways [22, 23]. Glu-
tamate signaling plays an important regulatory role in neu-
ronal activity in the prefrontal cortex by modulating working
memory and some neuropsychiatric features in PD [5, 8, 24].
To this end, memantine, a partial NMDA receptor antago-
nist, has been shown to ameliorate attention and episodic
memory [5, 25], and amantadine, a low-affinity, non-
competitive NMDA receptor antagonist, seems to enhance
memory performances in PD patients with dementia [26]. As
a consequence of the multiple neurochemical alterations and
the progression of DA denervation, DRT may aggravate
cognitive and neuropsychiatric symptoms in advanced PD
patients.

2. MONOAMINE-OXIDASE TYPE B INHIBITORS
FOR PD TREATMENT

To date, L-3,5-dihydroxyphenylalanine (L-DOPA) re-
mains the mainstay symptomatic therapy for PD. To prevent
excessive peripheral metabolism and ensure adequate cross-
ing of the blood-brain barrier, the drug is administered to-
gether with L-aromatic-aminoacid-decarboxylase (LAAD)
inhibitors (carbidopa, benserazide). Despite LAAD inhibi-
tion, the plasma half-life of oral L-DOPA remains relatively
short, and this contributes to producing pulsatile stimulation
of striatal dopaminergic receptors.

The occurrence of fluctuations may be viewed as a mile-
stone in PD progression. Fluctuations refer to the predictable
or unpredictable worsening of symptoms of parkinsonism
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occurring during daytime and along nighttime [1, 3, 27],
which can be observed after months/years of exposure to L-
DOPA in the majority of PD patients. Progression of neu-
ronal cell loss is the primary mechanism generating fluctua-
tions in PD [28, 29]. In the moderate-advanced disease stage,
buffering of extracellular L-DOPA and DA by residual do-
paminergic neurons becomes insufficient and significant
uptake of DA and L-DOPA occurs via serotonergic neurons
and glial cells. Pulsatility of plasma L-DOPA levels follow-
ing oral administration represents a further exogenous mech-
anism underlying fluctuations, being associated with time-
and dose-dependent variations of substrate availability. Un-
der these conditions, therefore, transmitter release is regulat-
ed by either tonic (as in the case of serotonergic neurons) or
osmotic (as in the case of glial cells) mechanisms. Conse-
quently, postsynaptic dopaminergic receptors undergo non-
physiologic stimulation that activates maladaptive processes
within striatal neurons, in turn causing L-DOPA-induced
dyskinesia (LID) [30]. As anticipated previously, similar
consequences may occur at the level of circuitries modulat-
ing non-motor functions, producing non-motor fluctuations
and peak-dose worsening of some NMS due to excessive
stimulation of postsynaptic dopaminergic receptors [4, 12].
To overcome significant pulsatility of dopaminergic receptor
stimulation and promote continuous dopaminergic stimula-
tion of the affected striata, attempts have been made to re-
duce L-DOPA metabolism at peripheral and/or central com-
partments. Indeed, continuous dopaminergic stimulation
through L-DOPA/carbidopa intestinal gel (LCIG) or subcu-
taneous infusion of apomorphine has proved to have great
efficacy in reducing fluctuations and dyskinesia in advanced
PD patients [31, 32].

Metabolism of L-DOPA occurs through two distinct
pathways, the catechol-O-methyltransferase (COMT) and
type-B monoamine-oxidase (MAOg). The latter is an iso-
form of the flavin MAO family that catalyzes the oxidative
deamination of monoamines, with high selectivity for DA
and tyramine, in contrast to MAO, that is primarily involved
in the metabolism of serotonin and norepinephrine. While
MAO,-inhibitors are used primarily for treating depression,
three MAOg-inhibitors (MAQOg-I) have therapeutic applica-
tions in PD: selegiline, rasagiline, and safinamide.

There are several distinctive features among these drugs,
suggesting potentially different safety and efficacy profiles.
Randomized controlled trials demonstrated that all these
treatments are effective for motor fluctuations [33-40] in
moderate-advanced PD patients. A recent work conducted by
PD MED Collaborative Group investigated 500 PD patients
without dementia who showed motor complications and un-
derwent adjunct therapy with COMT or MAOg inhibitors.
Results showed no difference in terms of quality of life in
patients treated with direct dopaminergic agonists or COMT
and MAOg inhibitors, but MAOg-1 was superior for both
Parkinson’s Disease Questionnaire-39 (PDQ-39) and Eu-
roQOL-5D-3L (EQ-5D-3L) scores [41]. Selegiline and rasa-
giline may be administered in the early disease stage as well
[42-44].

In this work, we focused on the effects of MAOg-I on
cognitive functions in PD patients. To this end, we reviewed
the literature for studies reporting the outcome of cognitive
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tasks in PD patients receiving MAOg-I. Reports were identi-
fied through the search on PubMed using a combination of
the following keywords: “cognitive”, “executive functions”,
“verbal fluency” AND “Parkinson’s disease” AND “sele-
giline” OR “rasagiline” OR “safinamide”. Papers published
in the period from 1978 to 2021 were evaluated independent-
ly by two reviewers (DR and MA) for consistency. Any dis-
agreement was addressed by further discussion with the oth-
er authors. Moreover, references from selected papers were
reviewed carefully in search of further indications. The pa-
pers were selected on the basis of the year of publication, the
type and number of the PD population under investigation,
the type and duration of the therapy with MAOg-1, and the
expected outcomes. These data are summarized in Table 1.

2.1. Selegiline

Selegiline (L-deprenyl; (R)-(—)-N,a-dimethyl-N-(2-pro-
pynyl) phenethylamine) is a selective and irreversible MAOg-
I, which is readily absorbed from the gastrointestinal tract and
promptly crosses the blood-brain-barrier. It is metabolized into
the liver in desmethylselegiline and methamphetamine, which
are in turn transformed into amphetamine [45]. Selegiline is
currently used at daily doses of 5 or 10 mg as monotherapy or
in combination with L-DOPA and/or direct dopamine ago-
nists. Oral as well as transdermal routes of administration are
available in most countries. Studies demonstrate that selegiline
is safe and well-tolerated in PD patients, with the rare occur-
rence of side effects of MAO-inhibitors, such as sexual dys-
function and weight gain. Selegiline improves motor symp-
toms in PD patients and may contribute to reducing L-DOPA
equivalent daily dose (LEDD) [34, 45]. Despite the initial
speculation on the antioxidant action of selegiline and its po-
tential neurotrophic effect suggested by results from the
DATATORP trial [33], more recent studies have not confirmed
such a hypothesis [27, 46].

The benefit of selegiline in PD may extend to some NMS
as well (Table 1). With respect to cognitive symptoms,
Hietanen and collaborators (1991) performed a 4-week, dou-
ble-blind, placebo-controlled, pilot trial on 18 L-DOPA-
naive PD patients [47]. A comprehensive cognitive and psy-
chomotor battery test was performed. Despite the observa-
tion of slight improvement in a few subjects, there were no
significant differences between selegiline and placebo [47].
Findings from a further 8-week, randomized, placebo-
controlled, double-blind trial published in 1995 showed the
improvement in a general measure of mentation/mood and
UPDRS-II by selegiline, with no significant difference in a
more specific cognitive test, such as the Wisconsin Card Sort-
ing Test (WCST) or Raven’s Advanced Progressive Matrices
Test (APM) [48]. Eventually, Murakami et al. compared the
effects of several dopaminergic treatments (L-DOPA, DA
agonists, selegiline) on motor and cognitive function in 27
drug-naive PD patients. Motor (MDS-UPDRS-III), cognitive
(Montreal Cognitive Assessment — MoCA) and behavioral
(Neurobehavioral Cognitive Status Examination — COG-
NISTAT) outcome measures were used. The results showed
the improvement of gait and language function in the whole
cohort of patients, but there was no analysis on selegiline-
treated subjects alone [49].

In more advanced patients, the effects of a 4-week add-on
with selegiline to L-DOPA were investigated by Portin ef al.

Rinaldi et al.

(1983) by measuring changes in verbal and non-verbal
memory, language functions, visuomotor speed, motor
speed, and vigilance in PD subjects [50]. Authors highlight-
ed two different patterns of response according to baseline
cognitive status: subjects with progressive dementia dis-
played considerably more emotional and behavioral changes
and failed to respond to treatment. Conversely, subjects
without dementia showed a trend toward improvement in
cognitive performances, in particular memory, naming and
motor speed. Moreover, selegiline increased arousal and
ameliorated fatigue and tiredness [50].

2.2. Rasagiline

Rasagiline ((R)-N-2-Propynyl-1-indanamine) is a selec-
tive and irreversible MAOg-I, with a therapeutic indication
in PD patients as monotherapy [43, 44] or in combination
with L-DOPA [35, 36]. Differently from selegiline, rasa-
giline is not metabolized into amphetamine-like compounds
[13, 46]. Besides the efficacy of rasagiline on motor symp-
toms of PD, studies were carried out on the potential benefit
of the drug on cognitive functions (Table 1). In a 12-week,
double-blind, placebo-controlled trial, Barone and collabora-
tors (2015) investigated the effects of rasagiline on cognitive
and depressive symptoms in non-demented PD patients co-
diagnosed with depression [51]. Despite the lack of differ-
ences between rasagiline and placebo on either cognitive or
affective outcomes, a post-hoc analysis revealed a significant
effect in favor of rasagiline on the UPDRS-I depression do-
main, PDQ-39 mobility and some cognitive items.

Haganasi et al. investigated the effects of rasagiline on
cognitive functions in non-demented PD patients. In this
randomized, double-blind, placebo-controlled trial, 55 PD
patients with impairment of at least 2 cognitive domains
among attention, memory, executive and visual-spatial func-
tions were randomized to rasagiline 1 mg or placebo. Rasa-
giline group displayed significant improvement on several
neuropsychological tests, including the digit span-backward,
the verbal fluency test, the attentional Z test and the Stroop
Word Color Test (SWCT) [52]. The efficacy of rasagiline on
executive functions in PD patients was supported by a more
recent (2018) study from our group, carried out on fluctuat-
ing PD patients. Under these conditions, add-on with rasa-
giline 1 mg was accompanied by significant improvement in
the Frontal Assessment Battery (FAB) total score at the end
of the L-DOPA dose. Interestingly, add-on with rasagiline
ameliorated all FAB subdomain but inhibitory controls, as if
increased dopaminergic activity at the end of L-DOPA dose
in fluctuating patients might somehow reduce prefrontal
pathways modulating response behavior [53].

Weintraub and collaborators investigated the effects of
rasagiline in PD patients diagnosed with mild cognitive im-
pairment (MCI). In this study, 170 PD-MCI patients under
stable DAergic therapy were randomized to rasagiline or
placebo treatment for 24 weeks. The results did not show
significant differences in any cognitive domain, despite the
improvement of motor symptoms and activities of daily liv-
ing in the rasagiline group [54]. Similarly, Frakey and col-
leagues were unable to measure any significant difference in
neuropsychological functions at the end of a 6-month treat-
ment period with rasagiline or placebo in a cohort of 50
mild-moderate, non-demented PD patients [55].
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Table 1.  Effects of selegiline, rasagiline, and safinamide on cognitive domain in PD patients.
Authors Population Drug Time Outcomes Results
Hietanen, 1991 [41] L-DOPA_—na'fw PD Selegiline, up to 30 12 weeks NPS tests No difference between selegiline and
patients mg/kg placebo
.. ROT, SWCT, BDI, Selegiline improved measures of
D;;l(?l/m%z_? [li(égd L-DOP;?i-;latlsve PD Selegiline 10 mg/day 8 weeks RBMT, AMP scores, mentation/mood and MDS-UPDRS
" p MDS-UPDRS 1I score II
Murakami et al.. 2016 L-DOPA, MoCA-J, COGNISTAT-J | Improvement in gait and language
ura arr&;] b Drug-naive PD patients DA agonists, 4-7 months scores, MDS-UPDRS function, no analysis on selegiline-
Selegiline score treated group alone
Portin and Rinne, 1983 Advar}ced PD. patients, o Me_mory, cognitive func- Patients without dementia tended to
with or without Selegiline 10 mg/day 4 weeks tions, vigilance, and . .
[50] . . improve in memory and motor speed
dementia emotional processes
Non demeqted PD N BDI, NPS tests, PDQ-39, No difference betweer_l Rasagiline
Barone et al., 2015 [S51] | patients co-diagnosed | Rasagiline 1 mg/day 12 weeks and placebo on depressive symptoms
. . MDS-UPDRS score ..
with depression or cognition
. Non demented PD s
Hanagasi ef al., 2011 patients, with a mild Rasagiline 1 mg/day 3 months NPS tests Rasagiline improved DST, VFT, Z
[52] e . scores, SWCT
cognitive impairment
PD patients with mot FAB 20 min before the Rasagiline determined an improve-
Rinaldi ez al., 2018 [53] paﬂlscr:ltlslazi)nsmo or Rasagiline 1 mg/day 16 weeks second scheduled daily ment in FAB score at the end of
dose of L-DOPA L-DOPA dose
Weintraub ef al.. 2016 PD patients in stable No difference between Rasagiline
54 a-s DRT and mild cogni- | Rasagiline | mg/day 24 weeks | SCOPA-Cognition scores and placebo in cognition, but im-
[54] tive impairment proved motor symptoms
Frakey and Friedman, Non demented PD - No difference between Rasagiline
2017 [55] patients Rasagiline 1 mg/day 6 months DST, TMT, VFT scores and placebo
Cattaneo et al., 2017 | PD patients with motor Safinamide 100 5 PDQ-39, GRID-HAMD Safinamide 100 mg improved
. years - .
[60] fluctuations mg/day scores emotional well-being
Cattaneo et al., 2017 | PD patients Wlth motor Safinamide 100 24 months PDQ-39 Safinamide 100 mg h.ad positive
[60] fluctuations mg/day effect on pain
Cattaneo et al., 2018 | PD patients with motor Safinamide 100 Safinamide showed positive effects
. 2 years PDQ-39 . X
[63] fluctuations mg/day on chronic pain
. . . . Safinamide 50 PD-NMS scale, SCOPA, Safinamide improved NMS,
Bianchi e al., 2019 PD patients with motor mg/day and then 100 3 months MMSE, CISI-PD, especially mood/cognition and
[67] fluctuations gday HADS, PDSS, PDQ-8, pecia’ly grution
mg/day attention/memory domains
EQ-5D
De Micco et al., 2022 | PD patients with motor Safinamide 50 Motor and non-motor Stable cognitive functions after SF
. 6 months .
[68] fluctuations mg/day evaluations treatment
- . . Safinamide improved executive
Rinaldi et al., 2021 [69] PD patients Wlth motor Safinamide 100 12 weeks MDS-UPDRS III, FAB, functions, especially attention and
fluctuations mg/day SWCT S
cognitive interference

Note: Effects of selegiline, rasagiline and safinamide on cognitive domain and non-motor symptoms in patients with Parkinson's disease at various stages. The table describes the
clinical studies carried out, specifying the first author, year of publication, study population, drug used and dosage, duration of treatment, outcomes and obtained results.

PD Parkinson’s disease; NPS Neuropsychological; ROT Rod Orientation Test; SCWT Stroop Color and Word Test; BDI Beck depression inventory; RBMT Rivermead Behavioural
Memory Test; APM advanced progressive matrices; MDS-UPDRS Movement Disorder Society-Unified Parkinson’s Disease Rating Scale; MoCA Montreal Cognitive Assessment;
PDQ-39 The Parkinson’s Disease Questionnaire 39; FAB Frontal Assessment Battery; DST Digit Symbol Substitution Test; TMT Trail Making Test; VFT Verbal Fluency Test;
GRID-HAMD GRID-Hamilton Depression Rating Scale; NMS Non Motor Symptoms; SCOPA SCales for Outcomes in PArkinson’s disease; MMSE Mini-Mental State Examina-
tion; CISI Clinical Impression of Severity Index; HADS Hospital Anxiety and Depression Scale; PDSS The Parkinson's disease sleep scale; EQ Health Questionnaire; DSB Digit

Span Backwards Test.

2.3. Safinamide

Safinamide ((S)-2-((4-((3-Fluorobenzyl)oxy)benzyl) ami-
no) propanamide) is a reversible MAOsg-I, displaying ex-
tremely high specificity for MAOg [46]. Besides MAOg in-
hibition, high-dose safinamide inhibits voltage-sensitive-
sodium (VSSC;) and -calcium channels (N- and L-type
VSCCs) [46]. Inhibition of L-type VSCC; occurs at high
concentration solely, therefore limiting the effects of safina-
mide on blood pressure regulation; conversely, VSSC; inhi-

bition is voltage-, use-, and frequency-dependent, and be-
comes relevant with repetitive neuronal firing [56]. Inhibi-
tion of VSSC; rather than VSCC; may affect the modulation
of glutamate release in vitro as well as in vivo [57]. Indeed,
safinamide restrains glutamate and GABA release in the hip-
pocampus, inhibits depolarization-evoked glutamate release
in the globus pallidus, subthalamic nucleus and substantia
nigra pars reticulata, but not in the dorsal striatum, and may
reduce glutamatergic overdrive of corticofugal and subtha-
lamic efferent fibers [56, 57].
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Safinamide was originally developed as an antiepileptic
drug, and eventually approved by the FDA as an add-on to
L-DOPA in PD patients with motor fluctuations. It is admin-
istered orally at daily doses of 50 or 100 mg and has high
availability (80-92%) [58]. Unlike selegiline and rasagiline,
safinamide is not metabolized by the cytochrome system,
and therefore does not cause any relevant drug interaction
[58]. In humans, the daily dose of 50 mg is required for re-
versible full inhibition of MAOg activity. The daily dose of
100 mg also inhibits glutamate release, an effect that may
contribute to further efficacy on motor and NMS in advanced
PD patients. Moreover, the modulation of glutamatergic
overactivity might contribute to limiting excitotoxicity in
neurodegenerative disorders [59]. Moving to symptomatic
issues, the anti-glutamatergic action of high-dose safinamide
may be relevant to counteract LIDs in PD. Such hypothesis
is supported by findings from Study 016 and SETTLE trials,
two phase-III clinical studies showing that 24-week treat-
ment with safinamide reduces “off”’-time and improves over-
all clinical status and “on” time without troublesome dyski-
nesia in fluctuating PD patients [39, 60]. In particular, in the
subgroups of patients with moderate-severe dyskinesia at
baseline, safinamide 100 mg significantly reduced dyskinesia
rating scale score (Study 018, the 18-month extension of
study 016) [61]. Moreover, a recent, multicenter, observa-
tional, retrospective cohort study (SYNAPSES trial) investi-
gating fluctuating PD patients for 12 months, with particular
attention to subjects aged >75 years with relevant comorbidi-
ties and psychiatric conditions, confirmed the efficacy and
safety profiles of safinamide [62].

As anticipated above, the positive effects on fluctuations
and the anti-glutamatergic activity of high-dose safinamide
may be beneficial to NMS as well (Table 1). Safinamide 100
mg improved the emotional well-being domain of PDQ-39
and GRID-HAMD scores [63] and ameliorated painful
cramps, muscle spasms and restless leg symptoms [64-66].
In a retrospective study on 20 PD patients, Bianchi and col-
laborators (2019) reported a statistically significant benefit
on the Parkinson’s Disease Non-Motor-Symptom Scale (PD-
NMSS) score after 3 months of add-on therapy with safina-
mide to fluctuating patients [67]. Analysis of the NMS sub-
scores showed that the effects were more pronounced in
mood/cognition and attention/memory domains [67]. Twenty
fluctuating PD patients were tested by De Micco and col-
leagues (2022) in terms of NMS at baseline and after 6
months of treatment with safinamide 50 mg once daily. They
observed stable cognitive functioning after treatment with
safinamide 50 mg, speculating on the non-use of glutama-
tergic inhibition at the base of these results [68]. To further
investigate the potential for glutamatergic inhibition by
safinamide on cognitive functions, we performed recently
(2021) an observational, prospective, exploratory study on
35 non-demented PD patients with motor fluctuations [69];
add-on with safinamide 100 mg improved executive func-
tions, especially attention and inhibition of cognitive inter-
ference at the end of L-DOPA dose. These findings suggest
the improvement of regulatory activity by the anterior cingu-
late cortex and dorsolateral PFC by high-dose safinamide in
fluctuating PD subjects [69]. Thus, safinamide seems to have
a beneficial impact on a great variety of NMS, which may be
attributable to the modulation of glutamate transmission, the

Rinaldi et al.

additional mechanism of action that distinguishes safinamide
from other MAOg-I1.

CONCLUSION AND FUTURE PERSPECTIVE

The results of studies reviewed herein show that MAOg-I
may affect cognitive functions in PD patients and suggest
differential effects according to disease stage and specific
pharmacological properties of each drug.

Both selegiline and rasagiline [49-53] may ameliorate
dysexecutive symptoms in the early stages of PD. Data on
safinamide are missing due to the availability of the drug as
an add-on to L-DOPA in fluctuating subjects solely [63, 67-
69]. The effects of selegiline and rasagiline in early PD pa-
tients are similar to those of other antiparkinsonian drugs
[33, 34, 36, 42-44, 46, 48] and, in general, support the idea
that dysexecutive symptoms at this stage primarily depend
on reduced dopaminergic transmission in prefrontal cogni-
tive circuitries; the attempts to identify drug- or class-
specific effects are insufficient at present. Thus, under these
conditions, the benefit of cognitive functions appears inde-
pendent of the specific mechanism of action of each drug.
Despite this general observation, however, there is initial
evidence supporting the preferential benefit of selegiline on
arousal [46, 70], an effect probably mediated through the
stimulant actions of amphetamine-like metabolites of this
drug. With this respect, however, the possible neurotoxic
effects of amphetamine-like derivatives [45, 70, 71], deter-
mined in preclinical studies, should be taken into account.

Increased DA transmission retains a significant role in
determining the consequences of MAOg-I on cognitive func-
tions in moderate to advanced disease stages as well. Under
these conditions, however, the interactions between iatrogen-
ic effects and neuropathology become more complex. The
study by Portin ef al. on the effects of selegiline on cognitive
status in PD patients with different baseline cognitive levels
is, to our opinion, emblematic [50]. Patients without demen-
tia displayed benefits in several cognitive domains, whereas
those with signs of cognitive impairment underwent neuro-
psychiatric side effects and failed to respond to treatment.
These results suggest that more pronounced dopaminergic
denervation and spreading of neuropathology to neocortical
regions make patients more prone to the negative conse-
quences of excessive dopaminergic input to the prefrontal
cortex. We believe this concept is fundamental for correct
managing of the advanced stages of PD, since it poses poten-
tial boundaries to further increase DRT.

Worsening of cognitive functions is a well-known ad-
verse event of dopaminergic therapy in subjects affected by
PD-dementia [5, 7-9, 19, 25, 72, 73]. However, negative
consequences on impulse control may be observed since the
early disease stage, in particular following administration of
direct dopamine agonists [7, 13, 74-76]. As to this issue,
there is still controversy on whether behavioural changes in
treated PD patients primarily depend on iatrogenic action,
reduced ability of cortical neurons to manage high dopamin-
ergic input or both [2, 9, 12, 76-80]. Findings from two re-
cent studies from our group confirm that increased DRT in
non-demented, fluctuating PD patients may already worsen
prefrontal inhibitory control. Thus, add-on with rasagiline to
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fluctuating PD patients ameliorated total FAB score despite
worsening of inhibitory control domain [53]. Under similar
conditions, however, add-on with safinamide 100 mg pro-
duced similar global benefit together with significant im-
provement of the inhibitory control domain [69]. Interesting-
ly, rasagiline and high-dose safinamide display similar inhi-
bition of MAOg activity [46], and comparable power for
calculation of daily levodopa-equivalent dose [81-83]. Thus,
the benefit of high-dose safinamide on prefrontal inhibitory
control mechanisms may stem from the reduction of exces-
sive glutamatergic transmission, in turn, secondary to in-
creased cortical dopaminergic input. This hypothesis is fur-
ther supported by the observation that the effects of safina-
mide 100 mg were not replicated by lower drug dose (50 mg)
[46, 58], which does not affect glutamatergic transmission
[46]. The effects of high-dose safinamide on cognitive func-
tions [63, 67-69] are in line with reports from other authors
on pain [64, 65, 84], urinary symptoms [68, 85], and LIDs
[27, 38]. LIDs, in particular, reflect a maladaptive form of
activity-dependent synaptic plasticity at excitatory corti-
costriatal synapses modulating firing of striatofugal direct
pathway neurons and are related to increased glutamate re-
lease in the neostriatum and substantia nigra pars reticulata
[30, 86]. The pathophysiology of LIDs strictly depends on
striatal long-term-potentiation (LTP) at excitatory synaptic
transmission. This mechanism requires the activation of D1
receptors together with several subtypes of glutamate recep-
tors, including NMDS, mGlul and mGlu$ receptors [30, 87-
89]. DA denervation makes this mechanism inflexible; thus,
LIDs may persist even after withdrawal from L-DOPA [30,
90]. Abnormal cortical facilitation in the primary motor cor-
tex may concur with the development of LIDs, as evidenced
by Guerra and collaborators (2019, 2022) [91, 92]. The same
authors showed that safinamide 100 mg was able to restore
the underlying dysfunction thanks to its anti-glutamatergic
activity, and may prevent LIDs from worsening over time
[91, 92]. Similar interactions between dopaminergic and
glutamatergic transmission may underlie some NMS, such as
cognitive and sensory alterations. Consequently, the dual
mechanism of action of high-dose safinamide may produce a
stronger benefit than simple inhibition of MAOjg activity in
complicated PD patients. Further controlled studies are
needed to confirm these results in order to refine therapeutic
potentials of pharmacological therapy of PD.

LIST OF ABBREVIATIONS

APM = Advanced Progressive Matrices

BDI = Beck Depression Inventory

CISI = Clinical Impression of Severity Index

COGNISTAT = Neurobehavioral Cognitive Status
Examination

COMT-1I = Catechol-O-methyltransferase Inhibi-
tor

DA = Dopamine

DRT = Dopamine Replacement Therapy

DSB = Digit Span Backwards Test
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DST = Digit Symbol Substitution Test

EQ = Health Questionnaire

EQ-5D-3L = European Quality of Life 5 Dimen-
sions 3 Level Version

FAB = Frontal Assessment Battery

GRID-HAMD = GRID-Hamilton Depression Rating
Scale

HADS = Hospital Anxiety and Depression
Scale

LAAD = L-aromatic-aminoacid-decarboxylase

L-DOPA = Levodopa

LCIG = Levodopa-carbidopa Intestinal Gel

LID = Levodopa-induced Dyskinesia

LTP = Long-term-potentiation

MAOg-1 = Monoamine-oxidase type B-inhibitors

MCI = Mild Cognitive Impairment

MDS-UPDRS = Movement Disorder Society-Unified
Parkinson’s Disease Rating Scale

MMSE = Mini-Mental State Examination

MoCA = Montreal Cognitive Assessment

NMS = Non-motor Symptoms

NMSS = Non-Motor-Symptom Scale

PD = Parkinson’s Disease

PDQ-39 = The Parkinson’s Disease Question-
naire 39

PDSS = The Parkinson's Disease Sleep Scale

ROT = Rod Orientation Test

RBMT = Rivermead Behavioral Memory Test

SCOPA = SCales for Outcomes in PArkinson’s
disease

SCWT = Stroop Color and Word Test

TMT = Trail Making Test

VFT = Verbal Fluency Test

WCST = Wisconsin Card Sorting Test
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