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Abstract : With a focus on safinamide, the authors address management difficulties in PD and related Dementia disorders
and present an overview of the current pharmacological strategic actions. Levodopa, Dopamine agonists, MAO-B inhibitors,
NMDA Receptor agonists, and other inhibitors of enzymes are among some of the main therapeutic strategies used today
to control Parkinson disease. With the rise in number of diverse neurodegenerative diseases that lead to dementia syndromes
and have their own unique neurochemical pathologies. Since what works for one person may not work for another or, in
the worst-case scenario, may make things worse, this has significant therapy implications. Safinamide, an a-aminoamide
with multiple dopaminergic and non-dopaminergic ways of action, such as inhibition of sodium (Na+) channel, Inhibition
of monoamine oxidase-B (MAO-B) and regulation of stimulated glutamate release can be helpful in the control of Parkinson
Disease and related dementia disorders. According to cross-sectional research, up to 40% of PD patients experience
dementia, which has a cumulative prevalence of 78% over 8 years and involves executive function and attention deficiencies,
whereas memory dysfunction is caused by defective storage and retrieval mechanisms. Unified Parkinson's Disease Rating
Scale’s Scores are improved by safinamide when used alone or in conjunction with dopamine agonists and potential
combination therapy can be used for treatment of related dementia disorders. With the similarities in the arise of various
dementia disorders and multiple mode of actions of Safinamide, it can be coined that the potential of Safinamide in conjugate
with the other drugs can potentially give a new hope in PD and related dementia disorders.
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. INTRODUCTION:

Dopamine insufficiency in the nigrostriatal pathway is a hallmark of Parkinson's disease (PD), a progressive neurodegenerative
illness. The four main motor symptoms of Parkinson's disease (PD) are bradykinesia, rigidity, tremor, and postural instability.
Dopaminergic neurons are lost as the disease worsens, which affects motor function. Later-life dementia manifests as a clinically
complex illness with alterations in cognitive, behavioural, psychological, motor, and autonomic functions. These symptoms, which
collectively have an impact on daily function, are intricately linked and have molecular underpinnings with cerebrovascular and
neurodegenerative diseases [1,2,6]. Memory loss and a single other cognitive area are considered to be symptoms of dementia.
These deficiencies show a deterioration from a prior functional level and are severe enough to impair daily living activities.
However, cognitive dysfunction alone is insufficient to account for functional disability or a reduced quality of life in dementia
patients [2,3]. To better comprehend the effects of PD, Parkinson's disease with dementia, and dementia with Lewy bodies on
cognition and behaviour

Talking with the patient about the diagnosis and the illness's characteristics is the first step in management [4,15]. The disorder's
motor and non-motor symptoms are then treated using a mix of medication, physical, occupational, and speech therapy. [5,13].
Levodopa, dopamine agonists (DAs), and monoamine oxidase (MAQ)-B inhibitors are first-line choices for the symptomatic
treatment of motor symptoms. Levodopa is particularly efficient in treating the motor symptoms of Parkinson's disease (PD) [29],
Moreover, the onset of motor issues, such as reaction oscillations between effective (‘on) and bad (‘off') symptom management and
medication-induced dyskinesias, typically limits its long-term use. As a result, adding additional medications to levodopa for the
treatment of mid- to late-stage Parkinson's disease (PD) frequently entails adding DAs, MAO-B inhibitors, catechol-O-
methyltransferase (COMT) inhibitors, and amantadine [20]. In the past 10 years, Safinamide, a-aminoamide with multiple
dopaminergic and non-dopaminergic mechanisms of action, including inhibition of Na+ channel inhibitor of monoamine oxidase-
B (MAO-B), control of accelerated glutamate release is authorised for the management of PD and related dementia disorders. The
medication is licenced for use in the EU as an adjunct therapy to levodopa alone or in combination with other PD drugs for the
treatment of mid- to late-stage fluctuating PD [6,23]. This review emphasises on Safinamide in the potential combination therapy
for PD and related dementia disorders.

1. CURRENT PHARMACOLOGICAL MANAGEMENT IMPLICATED IN PARKINSON’S DISEASE:

Levodopa was first used to treat PD, nonetheless since then, other medications have been discovered with longer half-lives (>2
hours) and less long-term adverse effects. This effort has been further encouraged over the past ten years by advancements in our
knowledge of the pathogenic processes underlying PD. Although there is evidence that some medications may achieve both goals,
the majority of PD treatment choices focus more on improving motor symptoms than on neuroprotection [2,34]. Dopamine
precursors (levodopa), enzyme inhibitors of monoamine oxidase B (MAO-B) and catechol-O-methyltransferase (COMT), N-
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methyl-D-aspartate antagonist, dopamine agonists (DAS),
Parkinson's disease [22].

The standard for treating Parkinson's disease (PD) has been levodopa since it was first made available in the 1960s.1t functions by
replenishing striatal dopamine and is an amino acid precursor to dopamine. To prevent peripheral breakdown and improve central
distribution, levodopa is coupled with an extracerebral dopa decarboxylase inhibitor (DDI), such as benserazide or carbidopa
[22,37]. 1t is frequently the first choice for elderly patients and those with concomitant conditions because it has less
neuropsychiatric adverse effects than other antiparkinsonian medications [2,34].

Failure to respond to levodopa can have a variety of causes, such as the use of an incorrect response indicator, such as tremor,
inadequate doses, an inadequate length of treatment, and drug interactions (such as concurrent treatment with metoclopramide or
risperidone).Before determining that a patient does not respond to levodopa, a trial of the drug should be administered for three
months with a steady titration upward to at least 1000 mg per day or until the manifestation of dose-limiting adverse effects [21,34].
Less than 10% of individuals with pathologically proven Parkinson's disease fail to respond to an adequate trial of levodopa; this
raises the potential of another ailment and shows that no pharmacological or surgical therapy is likely to be helpful. Dopamine
agonists are different first-line treatments for Parkinson's disease even though they are somewhat less effective than levodopa
[21,46]. The effectiveness of different dopamine agonists is comparable.

In comparison to levodopa, these medications have the potential benefit of reducing the risk of dyskinesia and motor fluctuations
by a factor of two or three over the first four to five years of treatment, especially in individuals on dopamine-agonist monotherapy
[37,59]. It is unknown how long the risk of motor problems is reduced when levodopa is combined with dopamine agonist;
nonetheless, within a few years of a diagnosis, levodopa is frequently required in addition to dopamine-agonist medication to control
progressive symptoms [7].

Anticholinergic medications are often avoided in the treatment of Parkinson's disease due to their negative side effects. Although
there is insufficient evidence to suggest their particular efficacy in treating tremor, they may be added if tremor is extremely
troublesome and unresponsive to other medications. Anticholinergic medications should not be used to treat patients over the age
of 70 or for those who have dementia [8]. Amantadine and MAO-B inhibitors have fewer side effects and require less titration to
reach therapeutic levels, but because the effects are often moderate, these medications typically offer insufficient symptomatic relief
when used alone.

To minimise side effects, all antiparkinsonian medications are started at modest doses and gradually increased. To prevent a
significant deterioration of parkinsonism or perhaps the neuroleptic malignant syndrome, it is advised to gradually stop taking these
medications after receiving them for a long time [2,8,34]. However, pharmacological alternatives may be restricted and drug therapy
may need to be personalised due to motor and non-motor problems. When motor difficulties become more problematic, parenteral
routes of drug delivery are used because they offer a more physiologic, non-pulsatile delivery of dopamine.

Table 1: Initial treatment of Parkinson’s disease and related dementia disorders [2,8,59].

are currently the main medications used to treat the symptoms of

Class Drugs Initial dose Usual dose Side effect

First line

derivatives

Do) oEInllaEe[[M  carbidopa, levodopa 25 mg + 100 1to2tablets TDS  Nausea, Vvomiting,

agents mg TDS dizziness

carbidopa, levodopa, 12.5 mg +50 - Motor fluctuations,
entacapone mg + 200 mg diarrhoea, rest as
TDS above

Dopamine

agonists

Non-ergot Pramipexole 0.125 mg 0.5-1.5mg TDS Nausea, vomiting,

TDS hypotension

Ergot Pergolide 0.05mg TDS 1 mg TDS Retroperitoneal,
pulmonary, cardiac
fibrosis

Second  line

derivatives

AL eITE e[ Benzotopine 0.5mg BD 1 mg BD Impaired memory,

agents confusion,
constipation

Selective Selegline 5mg OD 5mg BD Insomnia,  SSRIs

MAO-B interaction,

inhibitors hallucinations

Multiple MOA EBEIEINI[[] 50-100  mg 100-200 mg OD Nausea, vomiting,

agent oD hallucinations
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NMDA Amantadine 100 mg OD 100 mg BD Nausea, vomiting,
antagonists hallucinations,
confusion,
constipation

1. SAFINAMIDE:
The first-time safinamide mesylate was synthesized in 1989 at Farmitalia Carlo Erba's medicinal chemistry department (Milan,
Italy). Safinamide was initially researched as a potential antiepileptic medication after it was discovered that milacemide, from
which safinamide is produced, has anticonvulsant efficacy. Safinamide is an alpha-aminoamide having multiple mechanisms of
action. But as of pour solubility of original molecule to improve the characteristics its is converted into salt form which is having
the chemical formula C17H19FN2O; - CH405S [2,3]. The central nervous system and the tissues of the periphery of the body are both
affected by the in vivo inactivation of bio-genic and diet-derived amines, which is largely mediated by MAQ. Serotonin and
noradrenaline are mostly deaminated in the gut by the MAO isoenzyme A (MAO-A). In the striatum, MAO-B isoenzyme
predominates [5,13]. The substrate for MAO-A and MAO-B is dopamine. Selective inhibitors of MAO-B action of safinamide
reduce the catabolism of dopamine and so raise its levels in the basal ganglia, without influencing the metabolism of other amines
that are catabolized by MAO-A. [22,23].

Iv. MECHANISM OF ACTION:
Safinamide was initially tested as an antiepileptic medicine because it blocks sodium and calcium channels, but its selective and
reversible MAO-B inhibitor activity has raised questions about its possible applications in Parkinson's disease (PD) [5,22]. In
addition to its voltage-sensitive channel blocking and MAO-B inhibitory activities, safinamide has also been studied for its potential
neuroprotective and neurorescuing effects. It can be administered in conjunction with LD or a DAA and can lessen some non-motor
symptoms as well as the motor symptoms of PD [38,40].
Safinamide also inhibits dopamine absorption and glutamate release; this last effect is shared with amantadine, a drug that has some
promise for treating Parkinson's disease (PD) dyskinesia. The sigma-1 receptor is primarily inhibited by safinamide as its mode of
action. Safinamide's potency is lower and is in the micromolar range for sodium channel blockage at other sites. and the high
micromolar range for glutamate release and calcium channel blockage [13,62]. Its ability to inhibit MAO-B is sub micromolar in
strength.
Unique chaperone proteins called sigma-1 receptors are found in the endoplasmic reticulum of cells. Thou, the role of sigma-1
receptor inhibition in PD is unclear; this mode of action may not be relevant to safinamide’s antiparkinsonian effect [2,5]. Free
radicals are produced during dopamine processing, and it is thought that these free radicals help cause oxidative stress in nigral
cells. Safinamide may lower the formation of free radicals by preventing the dopamine metabolism by inactivating MAO-B,
however this is anticipated to be a class effect [50].
Safinamide is a good candidate for investigation as a neuroprotective drug in PD related dementia disorders against excitotoxicity
and oxidative damage that result in neuronal cell death in Parkinson's disease (PD) due to its various pharmacodynamic activities
[62,63].

Table 2: According to Mode of action Safinamide’s position within the PD treatment spectrum [1,5,16,64].

Dopaminergic therapy Non-dopaminergic therapy
Levodopa Anticholinergics
Carbidopa Benztropine

Trihexyphenidyl

Dopamine agonists Anti-glutamatergic agents
Ropinirole Amantadine
Pramipexole Memantine
Apomorphine Safinamide

MAO-B inhibitors Surgical approaches

Safinamide Ablative surgery
Rasagiline Gene therapy
Selegline

Drug agents for dementia and
neuroprotective action

A2A receptor antagonists Istradefylline
Glutamate antagonist Memantine, Kynurenines, Amantadine
Drug with multiple mechanism Safinamide, Levetiracetam, Zonisamide

V. PHARMACOKINETIC PROPERTIES:

Safinamide, when taken orally, has good pharmacokinetic characteristics that are proportionately and linearly related to the dose
taken. In plasma peak concentrations were obtained 2.5 -4 hours after a single dose and 5.5-6 hours after a repeat dose, indicating
good systemic absorption [3,10]. The absorption is thorough and consistent, and food has little to no impact on it. Safinamide did
not appear to accumulate much in patients with normal excretory function because concentration at steady state was 1.5-1.7 times
higher than the peak concentration following a single dose [9,10]. The extravascular tissue binding (94%) is allegedly higher than
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the plasma protein binding (92%). High levels of safinamide are found in the CNS. About 1.6 and 7% of the medicine is eliminated
in the faeces and urine, respectively, in unchanged form, indicating almost full absorption and very little biliary excretion.
Safinamide undergoes a significant amount of biotransformation [19]. The principal step is mediated by amidases and produces
safinamide acid. It is metabolized to O-debenzylated safinamide. The N-dealkylated amine, also a metabolite of safinamide is then
oxidized to a carboxylic acid and glucuronidated. Metabolism is also mediated by cytochrome P450s [19,32].

Safinamide has a slow rate of systemic clearance and a 26-hour terminal half-life. The terminal half-life of radioactively labelled
safinamide in this instance was 22 hours [10,46]. This makes once-daily administration possible. On day 5 to 6 of the once-daily
dosage treatment plan, a steady-state concentration is reached. The safety and tolerability of safinamide have been established. The
biochemical analyses of the blood and urine as well as the vital signs did not differ from the other group members in any way.
Healthy subjects receiving safinamide intravenously experienced no different pressor response than those receiving a placebo
[25,32].

VI. PHARMACODYNAMIC PROPERTIES:

Uncertainty surrounds the specific mechanism by which safinamide reduces PD symptoms. In addition to the reversible and
selective inhibition of MAO-B, Sodium channel antagonism, and suppression of glutamic action on in vitro, safinamide also has a
combination of dopaminergic and non-dopaminergic mechanisms of action, as was previously described [2,31,38]. The
dopaminergic mode of action involves powerful, highly reversible, selective MAO-B inhibition, which raises the dopamine
concentrations in the brain [5,40].

In animal models, safinamide has been shown to exhibit neuroprotective properties and to be able to prevent excitotoxin-induced
hippocampal cell death. When given before 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) to subjects, a toxin known to
cause parkinsonism, safinamide has been shown to completely prevent dopamine depletion and cell death in the substantia nigra.
Selegiline and rasagiline, two other MAO-B inhibitors [38,50], also have this preventative effect. The selectivity of safinamide for
MAO-B has been shown to be 100 times higher as compared with other class drugs. The selectivity of MAO-B over MAO-A also
greater than the other class specific drugs [19,62,63].

Increasing the safinamide’s dose provided above the dose that can achieve the complete inhibition of Monoamine oxidase-B results
in an additional clinical improvement, indicating that safinamide may have additional mechanisms of action in addition to this
action [13,46,62]. Inhibiting glutamic release by inhibiting the activity of Sodium channels is how the non-dopaminergic mode of
action works. The Sodium channel is state and concentration dependently inhibited. When compared to the resting potential,
safinamide has more potent at membrane that have depolarized potentials, where the most of the channels are inactivated. This
suggests that safinamide interacts preferentially with the inactivated sodium channel and are kept dormant and are not allowed to
become active by safinamide [10,59].

VIL. DRUG AND FOOD INTERACTIONS:

Safinamide does have any specific food interactions but high lipid containing food can prolong the bioavailability [16]. Safinamide
has no inhibitory action on any of the cytochrome P450 isoenzymes involved in the metabolism of pharmaceuticals, including
CYP1A1, CYP2Cy, CYP2Ci9, CYP2Ds, CYP2E1, and CYP3A4, according to in vitro investigations, with the exception of CYP3E;.
However, this activity is insignificant at therapeutic levels. No presently marketed medications are known to induce or inhibit the
high capacity amidases involved in the metabolism of safinamide in a way that results in clinically significant drug interactions
[34,47].

Safinamide's plasma concentration is reduced by around 30% by enzyme-inducing antiepileptic medications like phenobarbital and
carbamazepine, and its half-life is also shortened by these medications, but Safinamide has no effect on the plasma concentrations
of these medications or on those of lamotrigine, valproic acid, or carbamazepine [12].

VIII. CLINICAL TRAILS:

Safinamide's effectiveness, tolerability, and safety in PD patients have all been examined in several research.

Safinamide dosages of 50-200 mg given with a Dopamine agonist improved motor function during a 6-week period with a
substantial improvement in the motor score on the Unified Parkinson's Disease Rating Scale (UPDRS) [25]. The same doses of
safinamide were administered to eleven individuals in conjunction with levodopa, and this resulted in a notable reduction in motor
fluctuations. There are currently only abstracts available for this Phase Ill study on safinamide. According to their findings,
combining 50-100 mg of safinamide with a single dopamine agonist is both safe. Out of 679 individuals who were randomly
assigned, 167 finished the full 24 weeks of treatment [4,25].

The first drug studied in clinical trials as a DAA supplement was safinamide. Patients who received safinamide as an adjuvant to
DAA involved in the aforementioned study who were taking a steady dose of a DAA showed a significantly greater response. The
findings of a small open-label research were consistent. The efficacy and safety of a 50-100mg and a 150-200mg dose range of
safinamide in combination therapy to a stable dose of DAA were evaluated and found safe [9,11,14].

Clinical studies on PD patients with LID investigated the potential antidyskinetic characteristics of safinamide. Phase Il, placebo-
controlled, parallel-group experiment included a total of 26 patients. The maximum reduction in Unified Dyskinesia Rating Score
served as the major outcome indicator [28]. The patient diaries' total on and off times and the UPDRS scale's alterations served as
secondary end goals. However, the analysis of the 100 mg/day safinamide subgroup revealed a significant improvement in the DRS
scores. The DRS ratings for the 50 mg/day and 100 mg/day safinamide groups did not change significantly even after 2 years.
Analysis of the patient's journal revealed that, even after two years of therapy, the improvement noted at six months persisted [35].
Non-demented PD patients were included in a Phase Il clinical trial to examine the potential impact of safinamide on cognitive
impairment linked to PD [42,44]. The Grid-Hamilton Depression Rating scale, the PD Cognitive Rating Scale, the change in
cognitive dysfunction, and the Grid-Hamilton Depression Rating scale were the key outcome measures [45]. Safinamide showed
positive results in every rating scale indicating multiple actions and the favourability towards the treatment of PD and Dementia
disorders.
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IX. POTENTIAL COMBINATION THERAPY WITH A FOCUS ON SAFINAMIDE:

In the treatment, Safinamide has a special pharmacological profile that makes it an excellent therapy option for PD and related

dementia disorders, which is primarily characterised by dopaminergic and glutamatergic neurotransmission, suggesting it may be

further used in different combinations with other class drugs to achieve a significant action [3,10,46].

Parkinson's disease (PD), safinamide combines two effective pharmacologic principles: suppression of MAO-B and reduction of

aberrant glutamate release. Safinamide may be thought to be similar to selegiline or rasagiline [5,38,39]. But, unlike rasagiline or

selegiline, it does not have an irreversible impact on the MAO-B’s activity. Consequently, it is distinct from other MAO-B
inhibitors. The action of NMDA receptors is not blocked by safinamide. Amantadine works by antagonistically interacting with

NMDA receptors. In addition to its ability to mimic dopamine, this substance also possesses some anticholinergic characteristics

[36]. Safinamide, on the other hand, modifies potassium and sodium channels in a way that ultimately leads to a decreased aberrant

glutamate release. Safinamide differs from NMDA antagonists in this way. This compliments the fact that safinamide can be

combined with NMDA antagonists to achieve a greater overall effect against Parkinson’s Disease [35,39].

Additionally, a tendency that has not been seen with other MAO agents but the increased usage of levodopa + safinamide and the

combination of levodopa + DA + safinamide [22,44]. Given that safinamide has been shown to reduce both motor and non-motor

fluctuations, has a low rate of side effects that have been reported in studies, and most importantly, has been shown to improve non-

motor symptoms like pain and depression as well as quality of life impairment, this tendency may be explained [8,46].

The addition of safinamide to levodopa and other dopaminergic medicines was generally well tolerated, with the majority of side

effects being of mild to moderate severity. Other than use of Levodopa as combination therapy Carbidopa, Entracapone, and

Benserazide can potentially be used with Safinamide to further enhance the effectiveness against PD and related Dementia disorders

[61]. Although entacapone has already been compared, more research is needed to determine whether Safinamide is a more effective

treatment for all types of motor problems when used in conjunction with a COMT inhibitor [16,41]. Safinamide has been

demonstrated to enhance ON time and decrease OFF time, but it also inhibits glutamate release similarly to amantadine, which is
at least suspected of enhancing or even preventing motor problems, such as dyskinesia [51,53,60]. Future safinamide experiments
should look into this idea, specifically in conjunction with Levodopa/Carbidopa/Entacapone.

X.  SAFETY AND TOLERABILITY:

In studies on people, safinamide was well tolerated. Neither the Ames test nor the DNA repair test revealed safinamide to be

genotoxic [41]. Both the in vivo micronucleus test and investigations on the mutagenicity of mouse lymphoma cells in vitro have

shown negative results. There was only an 11% dropout rate during the clinical trials [42]. There were no noticeable changes in the
patient's vital signs, lab findings, ECG, or outcomes from other tests. There have been reports of negative side effects including

nausea, urinary tract infections, faintness, headaches, pain, and brief moderate dyskinesia [6,44].

XI. CONCLUSION:
A derivative of a-aminoamide called safinamide has both dopaminergic and non-dopaminergic effects. It works as a glutamate
release inhibitor, a potent reversible and selective MAO-B inhibitor, and a Sodium channel antagonist. Safinamide has a favourable
dose-dependent and linear pharmacokinetic profile. It undergoes a great deal of biotransformation mediated by CYPs. With varying
degrees of effectiveness, safinamide has been tested as an addition to dopamine agonists treatment in the early stages of Parkinson's
disease, as a supplement to levodopa in the middle stages of the illness, and as an antidyskinetic medication. Because of the number
of mechanism of actions of Safinamide, it has potential for the combination therapy with other drugs of classes COMT inhibitors,

NMDA inhibitors, and glutamate inhibitors not only limiting its combination with dopamine agonists.
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