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    PREFACE




    


    Syuichi Koarada


    


    


    


  




  

    Brain disorders are a major public health and economic concern. The causes of these disorders are heterogeneous, and so as the treatment options. State-of-the-art advances in scientific techniques, evolving clinical observations, and diagnostic accuracies to study the neurobiology of different diseases are very illuminating, and assist in not only deciphering the physiology of brain disorders but also the mechanisms that make people more vulnerable to these disorders.




    As our understanding is evolving, our knowledge is expanding, and so is our book series Frontiers in Clinical Drug Research - CNS and Neurological Disorders. The organization and content of volume 12 of our book series like its predecessors sets the physiology of the brain by outlining the pathology of neurodegenerative disorders, the role of neuroinflammation in neurological disorders, aging in brain tumors, comorbidities in epilepsy as well as placebo effect based on available empirical evidence by actively formulating, synthesizing, and analyzing these pieces of evidence. The relationships between these medical illnesses are complex, multifactorial, and bidirectional.




    Since the aim of the series is to include current advancements in the field, rather covering the materials exhaustively, this volume also precisely educates readers about the salient examples of the latest advancement happening in the translational research of various brain aliments, encompassing neurodegenerative disorders and neurological disorders. The volume also contextualizes the engaging and accessible introduction to drug repurposing for neurological disorders. The last chapter of the volume also discusses the organophosphorus poisoning or intoxication emergency, a very scarcely discussed topic, with reference to neuroactive drugs that can be used to treat it.




    Briefly, Chapter 1 highlights the current approaches used for tracking the new drugs by reviewing recent drugs tested in clinical trials for the treatment of Alzheimer’s and Parkinson’s diseases. Chapter 2 summarizes an intellectual and conceptual framework for understanding the neurobiology of placebo by interpreting its evolutionary origin, meanings, mechanisms, monitoring, and implications from therapeutics’ perspective. Chapter 3 discusses the role of gut microbiota in neuroinflammation and neurological disorders. Chapter 4 glances the role of age in pediatric tumors of the central nervous system. Chapter 5 comprehensively and critically assesses the current knowledge about epilepsy when it is comorbid with the full range of medical disorders with reference to drug repurposing in clinical trials. Chapter 6 reviews the progress on the development of oxime derivatives as a potential antidote for organophosphorus poisoning.




    Therefore, each chapter in the book very ostensibly introduces beginners in the basic science to the primary as well as advanced knowledge in the field. At the same time, these chapters are equally valuable not just for other mental health professionals, and psychiatrists but also for a wide range of medical specialists as well. Besides, it offers researchers, postdoctoral fellows, and students in diverse fields of neurobiology, neurology and neuroscience the tools they need to obtain a fundamental background in the major neurodegenerative, and neurological disorders. In conclusion, the volume provides a glimpse into the future that we are moving toward by exploring a greater understanding of the common pathways that mediate neuropathological illnesses, symptoms, and the relevant pathophysiological and neurophysiological phenomenon.




    The timely assistance provided by the editorial staff; Mr. Mahmood Alam (Director Publications), and Ms. Asma Ahmed (Senior Manager Publications) at Bentham Science Publishers is highly appreciated.
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      Abstract




      Affecting more than 50 million people worldwide and with high global costs annually, neurological disorders such as Alzheimer's disease (AD) and Parkinson’s disease (PD) are a growing challenge all over the world. Globally, only in 2018, AD costs reached an astonishing $ 1 trillion and, since the annual costs of AD are rapidly increasing, the projections estimate that these numbers will double by 2030. Considering the industrial perspective, the costs related to the development of new drugs are extremely high when compared to the expected financial return. One of the aggravating factors is the exorbitant values for the synthesis of chemical compounds, hindering the process of searching for new drug candidates. In the last 10-year period, an average of 20 to 40 new drugs were approved per year, representing a success rate of less than 6%. However, the number of referrals for new drug orders and/or applications remained at approximately 700 each year, reinforcing the difficulty in the process of identifying and developing novel drugs. Regarding neurodegenerative diseases, the FDA (USA) approved 53 new therapies in 2019, including 48 new molecules and, from these, three are medicines and two are vaccines. The main drugs recommended for the treatment of these disorders are included in the following classes: Dopamine supplement (Levodopa), Monoamine oxidase (MAO) inhibitor (Selegiline, Rasagiline), Dopamine agonist (Apomorphine, Pramipexole), and Acetylcholinesterase inhibitor (Donepezil, Rivastigmine, Galantamine). Additionally, the current pharmacological treatments are not able to cure these patients and considering the etiological complexity and the prevalence of neurological disorders, scientists have a




      great challenge in exploring new therapies and new molecules to find an adequate and viable treatment for these diseases. Clinical trials are essential in this process and thus, this chapter describes the most important drugs that were targets of phase III and IV clinical studies in the last five years, associated with the most common neurological disorders worldwide, AD and PD. Information about mechanisms of action, experimental studies in other diseases that support their use, and chemical structure of the drugs are included in this chapter. Additionally, nature as a source of valuable chemical entities for PD and AD therapeutics was also revised, as well as future advances in the field regarding tracking new drugs to get successful results and critical opinions in the research and clinical investigation.
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      INTRODUCTION




      Neurological diseases (ND) are a heavy burden carried by patients, their families, communities, and governments [1]. As the world population grows old, especially in developed nations, the combined annual costs of ND are rapidly rising [2]. In the United States, the social burden of ND is up to $ 800 billion, and disorders like Parkinson's disease (PD), Alzheimer's disease (AD), and other dementias represent more than one-third of these ND [2]. For elderly, ND can dramatically increase health care costs due to other associated comorbidities, such as Idiopathic Parkinson's Syndrome (IPS) disease and fall-related fractures [3]. It is estimated that about 61% of the IPS patients will have at least one fall during the course of the disease, and 39% will suffer multiple falls, generating high disease-specific costs [3]. In 2015, German data showed that IPS patients' treatment cost was more than € 3.2 billion, which amounted to about 1% of Germany's total annual medical expenses [3]. Projections estimate that by 2050 only AD dementia will have a devastating impact, affecting 131 million people worldwide [4]. In 2018, AD costs were nearly $ 1 trillion and, since the annual costs of AD are rapidly increasing, the projections estimate that these numbers will double by 2030 [4].




      To reduce this social burden related to ND as a whole, not only for AD and PD, a global effort towards discovering new drug therapies that may reduce these costs is welcome. That is a concern mainly because many ND still have poorly defined or even undefined etiopathogenesis [5]. In addition, many ND present subjective and context-dependent clinical manifestations, making the sample selection for treatment trials, using clinical criteria, inevitably heterogeneous [5]. Due to this heterogeneity, the inclusion criteria for the studies are often more rigorous, adding to the time, cost, and risk to the drug development process [6]. All these aspects, when combined, reflect the success rates of new drugs for ND, which are the lowest for any therapeutic area [6]. For example, in the early 2010 decade, less than 10% of the potential drugs that started clinical testing reached the market, and from the compounds that eventually moved on to phase III testing, less than 50% got approval [6]. This scenario explains why clinical research programs for ND tend to be longer and more complex than those for other diseases [6].




      In 2008, Pharmaceutical Research and Manufacturers of America (PhRMA) presented a report that contained more than five hundred drugs for neurological disorders, which were still in the development stage [6]. When analyzed in detail, the reports data demonstrated that the research and development (R&D) pipeline contained previously known drugs, undergoing repurposing processes, i.e., tested for new indications [6].




      Regarding the pipeline of drugs and biologics in clinical trials for the treatment of AD, a recent study that has utilized a survey of annual pipeline reports of the past five years provided a longitudinal insight into clinical trials and drug development for AD [4]. According to the Common Alzheimer's and Related Dementias Research Ontology (CADRO) for classifying treatment targets and mechanisms of action, the results revealed that, in 2020, there were 121 agents in clinical trials to treat AD [4]. Among them, there were 29 agents in phase 3, 65 in phase 2, and 27 in phase I trials. Also, the data showed testing of twelve agents in trials targeting cognitive enhancement, twelve intended to treat neuropsychiatric and behavioral symptoms, and 97 agents in disease modification trials [4]. For example, compared to the 2019 pipeline, these data showed a growth in the number of disease-modifying agents targeting pathways other than the amyloid or the tau pathways [4]. Finally, the clinical trials' data from the last five years showed a progressive emphasis on non-amyloid targets. Those candidate treatments aim at targets involving mechanisms like inflammation, synapse, neuronal protection, vascular factors, neurogenesis, and interventions on epigenetics [4]. Also, data revealed significant growth in the repurposed agents' pipeline as well [4].




      In recent years, several drugs with the potential to modify the disease and with neuroprotective effects are being evaluated in preclinical and clinical studies. The United States stands out for conducting the largest number of phase III and phase IV clinical studies, both for AD and PD Fig (1). Thus, this chapter summarizes the most important drugs that were targets of clinical studies from 2015 to 2020, associated with the most common neurological disorders worldwide: AD and PD. The approached clinical studies are related to phase III and IV studies registered on clinicaltrials.gov. Data like mechanisms of action, experimental studies in other diseases that support their use, and chemical structure of the drugs are included in this chapter. Also, a revision focused on nature as a source of valuable chemical entities for PD and AD therapeutics is also reported. Finally, future adv-




      ances in the field regarding tracking new drugs to get successful results in the research and clinical investigation are highlighted.
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Fig. (1))


      Illustrative map indicating the number of clinical studies (phases III and IV) carried out from 2015 to 2020 related to Alzheimer's and Parkinson's diseases.

    




    

      ALZHEIMER'S DISEASE




      Alzheimer's disease (AD) is a neurodegenerative dysfunction which causes and pathogenesis are not fully understood. It is the most frequent cause of dementia [8], representing 60% to 80% of cases [8], affecting essentially older adults. Several primary studies, including a moderate-quality systematic review, reported that age significantly predicts AD incidence [7]. Dementia is a general term that describes neurocognitive symptoms like difficulties with memory and language, diminished problem-solving capabilities, and other thinking-related skills that directly impact the ability to perform daily activities [8].




      

        Etiopathogenesis and Physiopathology




        Alzheimer's is a gradually progressive brain disease that starts years before its symptoms appearance [8]. AD dementia has multiple etiopathogeneses, such as autosomal dominant forms, primarily attributable to mutations in proteases that release the amyloid-beta (Aβ) peptide or familial AD amyloid precursor protein (APP) mutations, further implicating amyloid metabolism [9]. Other invoked mechanisms to explain the stereotypical AD spread within the brain are the prion-like seeding of amyloid fibrils and neurofibrillary tangles [9]. AD's pathological hallmark feature is the accumulation of the beta-amyloid protein fragments (plaques) outside brain neurons and tau protein twisted strands (tangles) inside neurons [8]. These changes are associated with neuron death and brain tissue damage [8]. In addition, an up-to-date meta-analysis result, which included several recent studies that aimed at the association of levels of homocysteine and folic acid and the development of AD, has shown that homocysteine and folic acid are potential predictors for both occurrence and development of AD [8, 9].


      




      

        Diagnosis




        Alzheimer's dementia is a clinical syndrome that results from the AD pathophysiological process [10]. This process encompasses the antemortem biological changes manifested in the postmortem neuropathological diagnosis of AD [10]. For obvious reasons, the diagnosis of AD dementia must first meet all-cause dementia criteria, which fits to comprise the spectrum of severity, ranging from the mildest to the most severe stages of dementia [10]. According to these criteria, the diagnosis of all-cause dementia requires some degree of interference in the individual's ability to function at work or usual activities, representing a decline from a previous level of functioning and performing, which not explains itself by delirium or major psychiatric disorder [10].




        The differentiation between dementia and mild cognitive impairment rests on determining whether there is a significant disturbance in functioning at work or in habitual daily activities [10]. Inherently, this is a clinical judgment made by a trained clinician based on the patient's circumstances and the description of day-to-day affairs of the patient [10]. Patients and knowledgeable informants are necessary to obtain the clinical information [10]. A combination of history-taking from the patient and a knowledgeable informant, and an objective cognitive assessment, either a bedside mental status examination or neuropsychological testing, are the basis of detection and diagnosis of cognitive impairment [10].




        Two of the following domains, at least, must be present to characterize cognitive or behavioral impairment: acquiring and remembering new information ability impairment, impaired reasoning and handling of complex tasks; poor judgment, impaired visuospatial abilities, impaired language functions, changes in personality, behavior, or comportment [10]. A series of criteria established by the National Institute on Aging and the Alzheimer's Association (NIA-AA), most recently updated in 2011, is the currently proposed method to diagnose and classify AD dementia [10]. This classification encompasses three possibilities: (1) Probable AD dementia, (2) Possible AD dementia, and (3) Probable or possible AD dementia with evidence of the AD pathophysiological process [10]. The first two are fitted for clinical settings usage, while the third one currently fits the research field [10].


      




      

        Treatment – Approved Drugs




        Until today, there is no available pharmacological treatment capable to delay or arrest the injury and loss of neurons that cause AD manifestations and make the condition fatal [8]. Nevertheless, the U.S. Food and Drug Administration (FDA) already approved some drugs for AD treatment — galantamine, rivastigmine, memantine, donepezil, and memantine combined with donepezil [8]. Except for memantine, these drugs temporarily improve the cognitive symptoms by increasing neurotransmitters in the brain [8]. Memantine acts by blocking excess stimulation in specific receptors in the brain that can injure nerve cells [8]. The effectiveness of these drugs varies from person to person and is limited in duration [8]. Also, with US approval, in 2021, aducanumab can be prescribed for the treatment of AD in those with mild cognitive impairment or mild dementia stage, the population in which treatment was initiated in clinical trials [11].




        The FDA approves explicitly no drugs to treat behavioral and psychiatric symptoms that may develop in the moderate and severe stages of AD dementia [8]. If non-pharmacologic treatment is not successful, and there is the possibility that these symptoms may harm the individual or others, physicians are authorized to prescribe drugs approved for similar symptoms in people with other diseases [8].


      




      

        Prevention




        The primary prevention of AD refers to prevent resulting dementia in cognitively normal subjects and is the final purpose for AD management [11]. AD has numerous well-instituted risk factors [12]. Some are not modifiable, like age, sex, and genotype, but other are potentially modifiable, such as vascular risk factors and traumatic brain injury [8, 12]. In contrast, there are suggested protective factors involving pharmacological mechanisms, like the use of antihypertensives, non-steroidal anti-inflammatories, statins, and hormone replacement therapy [12]. There are also environmental and behavioral factors, like diet, physical activity, high education, and engagement in social and intellectual activities [12]. However, how modifying these factors will reduce the risk of dementia is not yet known [12]. The secondary prevention of AD refers to preventing AD development in non-demented subjects with some evidence of cognitive impairment [12]. In this regard, the most often studied groups are those with Mild Cognitive Impairment (MCI), but there are no treatments that have demonstrated efficacy for preventing or delaying AD in MCI subjects until now [12]. At the same time, evidence shows that cholinesterase inhibitors, Vitamin E, Ginkgo biloba, and anti-inflammatories are not substantively helpful [12].


      




      

        Clinical Trials




        Below, we address individually the drugs used in clinical trials (phases III and IV) in the last 5 years related to studies that have ended normally, and participants are no longer being examined or treated (that is, the last participant's last visit has occurred) Table 1. The chemical structures of these drugs can be found in (Fig. 2). Additionally, Table 2 shows all the ongoing clinical trials in the last 5 years, from phases III and IV to treat this disease.




        

          Table 1 Summary of clinical trials performed in the last 5 years related to studies that have ended normally from phases III and IV concerning drugs for Alzheimer's and Parkinson's disease treatments registered in ClinicalTrials.gov. These studies have ended normally, and participants are no longer being examined or treated.




          

            

              

                	Drug



                	Dosage



                	
Number of


                Participants




                	Ages Eligible for Study



                	Study



                	
ID***


                Study Start


              


            



            

              

                	ALZHEIMER`S DISEASE

              




              

                	PHASE 3

              




              

                	Pimavanserin



                	34 mg / 20 mg



                	392



                	50 - 90



                	To evaluate the efficacy of pimavanserin by comparing pimavanserin with placebo in preventing a relapse of psychotic symptoms in subjects with dementia-related psychosis and who were stabilized after 12 weeks of open label pimavanserin treatment.



                	NCT03325556


                2017

              




              

                	AXS-05



                	AXS-05 tablets taken by mouth for 5 weeks.



                	366



                	65 - 90



                	To assess the efficacy and safety of AXS-05 in the treatment of agitation in patients with AD.



                	NCT03226522


                2017

              




              

                	
Umibecestat


                (CNP520)




                	50 mg / 15 mg



                	1145



                	60 - 75



                	To determine the effects of CNP520 on cognition, global clinical status, and underlying AD pathology, as well as the safety of CNP520, in people at risk for the onset of clinical symptoms of AD based on their age, APOE genotype and elevated amyloid.



                	NCT03131453


                2017

              




              

                	
Zolpidem


                Zoplicone




                	10 mg


                7.5 mg



                	62



                	55 - older



                	To determine whether Zolpidem and Zoplicone are efective in the treatment of sleep disorders in AD.



                	NCT03075241


                2016

              




              

                	Suvorexant 1



                	0 mg to 20 mg



                	285



                	50 - 90



                	To examine the safety and efficacy of Suvorexant (MK-4305) to improve sleep in individuals with AD. The primary hypothesis for the study is that Suvorexant is superior to placebo in improving insomnia as measured by change from baseline in polysomnography (PSG)-derived total sleep time (TST) at week 4.



                	NCT02750306


                2016

              




              

                	Methylphenidate



                	5 mg



                	200



                	All



                	To examine the efficacy and safety of methylphenidate as treatment for clinically significant apathy in AD participants.



                	NCT02346201


                2016

              




              

                	PHASE 4

              




              

                	Donepezil



                	10 mg



                	241



                	50 - 85



                	To evaluate the safety and efficacy of donepezil in AD patients in China and investigate the relationship between Apo-E gene type with adverse events of donepezil.



                	NCT02787746


                2016

              




              

                	Rivastigmine



                	18 mg



                	118



                	50 - 85



                	To evaluate the efficacy of rivastigmine patch with 1-step titration on cognitive function measured as change from baseline to week 24 in the total score of Mini-Mental State Examination (MMSE) in mild to moderate AD patients who failed to benefit from other cholinesterase inhibitors (ChEIs).



                	NCT02703636


                2016

              




              

                	PARKINSON`S DISEASE

              




              

                	PHASE 3

              




              

                	Inosine



                	500 mg of inosine / placebo comparator



                	298



                	30 - older



                	To determine whether oral inosine dosed to moderately elevate serum urate (from ≤5.7 mg/dL to 7.1-8.0 mg/dL) over 2 years slows clinical decline in early PD.



                	NCT02642393


                2015

              




              

                	
LY03003


                (Rotigotine)




                	Microspheres / placebo comparator



                	294



                	18 - older



                	To evaluate the efficacy and safety of rotigotine in the treatment of patients with early stage of primary Parkinson's disease



                	NCT04455555


                2020

              




              

                	
Pimavanserin


                34 mg and 20 mg




                	34 mg and 20 mg / placebo comparator



                	392



                	50 - 90



                	To evaluate the efficacy of pimavanserin by comparing pimavanserin with placebo in preventing a relapse of psychotic symptoms in subjects with dementia-related psychosis.



                	NCT03325556


                2017

              




              

                	PHASE 4

              




              

                	Droxidopa



                	600 mg / 200 mg



                	15



                	18 - older



                	To find out whether droxidopa, a medication that increases norepinephrine levels, may be effective in improving some aspects of cognition and movement in PD.



                	NCT03115827


                2017

              




              

                	
Pramipexole SR


                Pramipexole IR




                	-



                	98



                	30 - older



                	To explore, evaluate and confirm the efficacy between Pramipexole Sustained Release (SR) versus Pramipexole Immediate Release (IR) on nocturnal symptoms in L-dopa+ treated patients with advanced PD.



                	NCT03521635


                2018

              




              

                	
Opicapone


                (BIA 9-1067)




                	50 mg opicapone and levodopa/dopa decarboxylase inhibitor (L-dopa/DDCI)



                	518



                	30 - older



                	To evaluate the change in subject's condition accor- ding to the Investigator's Global Assessment of Change after three months of treatment with 50 mg opicapone.



                	NCT02847442


                2016

              




              

                	Safinamide



                	50 mg



                	20



                	30 - 80



                	To explore the safety and tolerability of the immediate switch from rasagiline (irreversible MAO-B inhibitor) to safinamide, with the expectation that there will be no adverse events or increased risk of hypertensive crisis for patients with PD or signs of serotonin syndrome.



                	NCT03843944


                2019

              




              

                	DA-9701(Motilitone)



                	30 mg / placebo comparator



                	147



                	50 - 80



                	To determine whether DA-9701 is effective and safe for the treatment on health-related quality of life in PD patients with gastrointestinal symptoms.



                	NCT02775591


                2016

              


            

          




          

            *ID: Clinical trial identification. Abbreviations: AD, Alzheimer´s Disease; PD, Parkinson´s Disease.
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Fig. (2))


        Chemical structures of target drugs submitted to clinical studies from 2015 to 2020 (phases III and IV) related to Alzheimer's disease that have ended normally, and participants are no longer being examined or treated.



        

          Table 2 Summary of ongoing clinical trials along the last 5 years (phases III and IV) concerning drugs for Alzheimer's and Parkinson's diseases treatment registered in ClinicalTrials.gov.




          

            

              

                	Drug



                	Origin



                	ALZHEIMER



                	PARKINSON

              




              

                	Phase III



                	Phase IV



                	Phase III



                	Phase IV

              


            



            

              

                	ABBV-951



                	Mimetic



                	-



                	-



                	NCT03781167



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	NCT04379050



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	NCT04380142



                	-

              




              

                	Aducanumab



                	Mimetic



                	NCT04241068



                	-



                	-



                	-

              




              

                	AGB101



                	Mimetic



                	NCT03486938



                	-



                	-



                	-

              




              

                	Agomelatine



                	Mimetic



                	-



                	-



                	-



                	NCT03977441

              




              

                	Alfoatirin®



                	Mimetic



                	-



                	NCT03441516



                	-



                	-

              




              

                	Ampreloxetine



                	Mimetic



                	-



                	-



                	NCT03750552



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	NCT03829657



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	NCT04095793



                	-

              




              

                	ANAVEX2-73



                	Mimetic



                	NCT04314934



                	-



                	-



                	-

              




              

                	-



                	Mimetic



                	NCT03790709



                	-



                	-



                	-

              




              

                	Angiotensin II receptor blocker



                	Mimetic



                	NCT02913664



                	-



                	-



                	-

              




              

                	APL-130277



                	Mimetic



                	-



                	-



                	NCT03391882



                	-

              




              

                	Apomorphine



                	Mimetic



                	-



                	-



                	NCT02864004



                	-

              




              

                	Aricept



                	Mimetic



                	NCT03197740



                	-



                	-



                	-

              




              

                	-



                	Mimetic



                	NCT03283059



                	-



                	-



                	-

              




              

                	Aripezil®



                	Mimetic



                	-



                	NCT03441516



                	-



                	-

              




              

                	AVP-786



                	Mimetic



                	NCT04464564



                	-



                	-



                	-

              




              

                	-



                	Mimetic



                	NCT04408755



                	-



                	-



                	-

              




              

                	-



                	Mimetic



                	NCT03393520



                	-



                	-



                	-

              




              

                	Botulinum toxin type A



                	Mimetic



                	-



                	-



                	NCT04277247



                	-

              




              

                	BPDO-1603



                	Mimetic



                	NCT04229927



                	-



                	-



                	-

              




              

                	Brexpiprazole



                	Mimetic



                	NCT03620981



                	-



                	-



                	-

              




              

                	-



                	Mimetic



                	NCT03594123



                	-



                	-



                	-

              




              

                	-



                	Mimetic



                	NCT03724942



                	-



                	-



                	-

              




              

                	-



                	Mimetic



                	NCT03548584



                	-



                	-



                	-

              




              

                	Bydureon



                	Mimetic



                	-



                	-



                	NCT04232969



                	-

              




              

                	Caffeine



                	Mimetic



                	NCT04570085



                	-



                	-



                	-

              




              

                	Carbidopa



                	Mimetic



                	-



                	-



                	NCT04380142



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	NCT04006210



                	-

              




              

                	COR388



                	Mimetic



                	NCT03823404



                	-



                	-



                	-

              




              

                	Donepezil



                	Mimetic



                	NCT03197740



                	-



                	-



                	-

              




              

                	-



                	Mimetic



                	NCT04661280



                	-



                	-



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	-



                	NCT04117178

              




              

                	-



                	Mimetic



                	-



                	NCT04117178



                	-



                	-

              




              

                	-



                	Mimetic



                	-



                	NCT03454646



                	-



                	-

              




              

                	Droxidopa



                	Mimetic



                	-



                	-



                	-



                	NCT02586623

              




              

                	-



                	Mimetic



                	-



                	-



                	-



                	NCT03229174

              




              

                	-



                	Mimetic



                	-



                	-



                	-



                	NCT04510922

              




              

                	Ebicomb



                	Mimetic



                	-



                	NCT03954613



                	-



                	-

              




              

                	Elenbecestat



                	Mimetic



                	NCT02956486



                	-



                	-



                	-

              




              

                	Enacarbil



                	Mimetic



                	-



                	NCT03082755



                	-



                	-

              




              

                	Escitalopram



                	Mimetic



                	NCT03108846



                	-



                	-



                	-

              




              

                	Escitalopram



                	Mimetic



                	-



                	-



                	NCT03652870



                	-

              




              

                	Gabapentin



                	Mimetic



                	-



                	NCT03082755



                	-



                	-

              




              

                	Galantamine



                	Mimetic



                	-



                	NCT03454646



                	-



                	-

              




              

                	Gantenerumab



                	Mimetic



                	NCT04374253



                	-



                	-



                	-

              




              

                	-



                	Mimetic



                	NCT03444870



                	-



                	-



                	-

              




              

                	-



                	Mimetic



                	NCT03443973



                	-



                	-



                	-

              




              

                	-



                	Mimetic



                	NCT04339413



                	-



                	-



                	-

              




              

                	Ginkgo biloba



                	Natural origin



                	NCT03090516



                	-



                	-



                	-

              




              

                	GOCOVRI



                	Mimetic



                	-



                	-



                	-



                	NCT04387773

              




              

                	Guanfacine



                	Mimetic



                	NCT03116126



                	-



                	-



                	-

              




              

                	GV-971



                	Mimetic



                	NCT04520412



                	-



                	-



                	-

              




              

                	Huperzine A



                	Natural-derived



                	-



                	NCT02931136



                	-



                	-

              




              

                	Hydrogen



                	Mimetic



                	-



                	-



                	NCT03971617



                	-

              




              

                	Icosapent ethyl (IPE)



                	Mimetic



                	NCT02719327



                	-



                	-



                	-

              




              

                	Idebenone



                	Mimetic



                	-



                	-



                	NCT04152655



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	-



                	NCT03727295

              




              

                	IPX203



                	Mimetic



                	-



                	-



                	NCT03877510



                	-

              




              

                	IPX203 ER CD-LD



                	Mimetic



                	-



                	-



                	NCT03670953



                	-

              




              

                	IR CD-LD



                	Mimetic



                	-



                	-



                	NCT03670953



                	-

              




              

                	Lecanemab



                	Mimetic



                	NCT03887455



                	-



                	-



                	-

              




              

                	-



                	Mimetic



                	NCT04468659



                	-



                	-



                	-

              




              

                	Levodopa



                	Mimetic



                	-



                	-



                	NCT02601586



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	NCT04380142



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	NCT04006210



                	-

              




              

                	Lithium Carbonate



                	Mimetic



                	-



                	NCT03185208



                	-



                	-

              




              

                	LY03003



                	Mimetic



                	-



                	-



                	NCT04571164



                	-

              




              

                	Memantine



                	Mimetic



                	-



                	NCT04117178



                	-



                	-

              




              

                	-



                	Mimetic



                	-



                	NCT03703856



                	-



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	NCT03858270



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	-



                	NCT04117178

              




              

                	Metformin



                	Natural-derived



                	NCT04098666



                	-



                	-



                	-

              




              

                	Methanesulfonate



                	Mimetic



                	-



                	-



                	-



                	NCT03841604

              




              

                	Methylphenidate



                	Mimetic



                	-



                	NCT03811847



                	-



                	-

              




              

                	Mirtazapine



                	Mimetic



                	NCT03031184



                	-



                	-



                	-

              




              

                	Nabilone



                	Mimetic



                	NCT04516057



                	-



                	-



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	NCT03773796



                	-

              




              

                	NE3107



                	Mimetic



                	NCT04669028



                	-



                	-



                	-

              




              

                	Nortriptyline



                	Mimetic



                	-



                	-



                	NCT03652870



                	-

              




              

                	Octohydroaminoacridine Succinate



                	Mimetic



                	NCT03283059



                	-



                	-



                	-

              




              

                	Omega-3



                	Mimetic



                	NCT03691519



                	-



                	-



                	-

              




              

                	Oxycodone



                	Mimetic



                	-



                	-



                	NCT02601586



                	-

              




              

                	P2B001



                	Mimetic



                	-



                	-



                	NCT03329508



                	-

              




              

                	Pimavanserin



                	Mimetic



                	-



                	-



                	-



                	NCT04292223

              




              

                	-



                	Mimetic



                	-



                	-



                	-



                	NCT04373317

              




              

                	Pramipexole



                	Mimetic



                	-



                	-



                	NCT03329508



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	NCT03329508



                	-

              




              

                	Rasagiline



                	Mimetic



                	-



                	-



                	NCT03329508



                	-

              




              

                	Rivastigmine



                	Mimetic



                	-



                	NCT02989402



                	-



                	-

              




              

                	-



                	Mimetic



                	-



                	NCT03454646



                	-



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	NCT04226248



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	-



                	NCT03840837

              




              

                	Safinamide



                	Mimetic



                	-



                	-



                	NCT03881371



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	-



                	NCT03841604

              




              

                	-



                	Mimetic



                	-



                	-



                	-



                	NCT03968744

              




              

                	Sinemet CR



                	Mimetic



                	-



                	-



                	-



                	NCT03111485

              




              

                	Solifenacin



                	Mimetic



                	-



                	-



                	NCT03149809



                	-

              




              

                	Spironolactone



                	Mimetic



                	-



                	NCT04522739



                	-



                	-

              




              

                	Suvorexant



                	Mimetic



                	-



                	-



                	-



                	NCT02729714

              




              

                	Tavapadon



                	Mimetic



                	-



                	-



                	NCT04201093



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	NCT04223193



                	-

              




              

                	-



                	Mimetic



                	-



                	-



                	NCT04542499



                	-

              




              

                	Tricaprilin



                	Mimetic



                	NCT04187547



                	-



                	-



                	-

              




              

                	Troriluzole



                	Mimetic



                	NCT03605667



                	-



                	-



                	-

              




              

                	TRx0237



                	Mimetic



                	NCT03446001



                	-



                	-



                	-

              




              

                	Vortioxetine



                	Mimetic



                	-



                	-



                	-



                	NCT04301492

              




              

                	Zoledronic



                	Mimetic



                	-



                	-



                	-



                	NCT03924414

              


            

          




        




        

          Donepezil




          Mechanisms of Action: Currently, the piperidine-based drug Donepezil is the most used pharmacological agent for the treatment of AD, being a reversible inhibitor of acetylcholinesterase, centrally acting in a rapid way This pharmacological compound exerts its neuroprotective property through the upregulation of the nicotinic receptors in the cortical neurons, inhibiting voltage-activated sodium currents reversibly and delaying rectifier potassium currents and fast transient potassium currents. The cholinergic transmission is enhanced when Donepezil causes the hydrolysis of acetylcholine, thus increasing the availability of acetylcholine at the synapses [13-15].




          The use of Donepezil is approved by FDA in mild, moderate, and severe AD, when initially it was tested for patients with mild-to-moderate AD [16-18]. This type of drug (cholinesterase inhibitors) was the first category approved by the FDA for this indication [19]. Until now, no evidence proves that Donepezil can alter the progression of AD but can improve the symptoms such as cognition and behavior [13-20]. Donepezil is a benefit to patients that show the two ends of the AD spectrum: moderate-to-severe impairment [21] and those very mild, early-stage disease [22] and, in this case, patients can be included in nursing homes [23].




          Experimental Studies in other Diseases that Support their Use: The cholinesterase inhibitor Donepezil is suggested to be effective in other diseases, such as vascular dementia [24, 25], dementia associated with PD [26, 27] and other conditions [28]. Although not still approved by FDA, the use of Donepezil includes dementia associated with PD, vascular dementia, and Lewy body dementia, where some studies show the improvement of cognition and executive function. Additionally, the use for traumatic brain injury was tested and it was observed an improvement in memory dysfunction in patients.




          The clinical trial performed by Jia et al. (2020) concluded that donepezil (10 mg/day) can be tolerated and is effective in patients with mild-to-moderate AD (ClinicalTrials.gov NCT02787746) [29].


        




        

          Methylphenidate




          Mechanisms of Action: The mechanism of action of Methylphenidate is still unclear to researchers but it is important to many therapeutic effects [30]. It is known that this drug causes the increasing of extracellular dopamine levels by the binding to the dopamine transporter in the presynaptic cell membrane, thus blocking the uptake of dopamine [31-34]. Also, Methylphenidate binds to the specific transporter of serotonin and norepinephrine, blocking the uptake too [35]. It’s worth mentioning that the effects are weaker on serotonin that dopamine [36].




          For more than 50 years the psychostimulant Methylphenidate has been considered the first-line pharmacological treatment for the Attention-Deficit/Hyperactivity Disorder (ADHD) patients [37, 38]. The drug presents favorable effects on reducing the core symptoms of excessive hyperactivity, impulsivity, and inattention in children and adolescents with ADHD [39].




          Experimental Studies in other Diseases that Support their Use: Some evidence gives support to the use of Methylphenidate not only to ADHD but on physical and psychological symptoms in cancer patients. The prognostic is unclear, but some findings suggest that Methylphenidate improve cognitive symptoms and reduction of fatigue in cancer patients. It's worth mentioning that the results could vary according to the profile of population, outcomes measures, and study design. Also, it is approached in Depression treatment, but evidences are insufficient [40].




          Patients with brain tumors that present cognitive abnormalities are frequent, and some studies suggested that the use of Methylphenidate improves those conditions. Meyers et al. (1998) [41] reported that half of the patients with malignant gliomas evidenced an improvement in cognitive function receiving this psychostimulant during nonrandomized studies. A study on children with brain tumors or acute lymphocytic leukemia that displayed association with neurologic injury, the use of methylphenidate presented an improvement in language skills, attention, memory, and academic performance in 10 of 12 pediatric patients [42].




          The improvement of cognitive conditions using Methylphenidate were observed in patients with advanced cancer and hypoactive delirium [43-46]. Another symptom frequently observed by cancer patients is fatigue [47]. Studies reporting the effect of Methylphenidate on fatigue in cancer patients concluded that this drug improved significantly several skills following the Brief Fatigue Inventory (BFI), like anxiety, appetite, pain, nausea, depression, and drowsiness [48].




          The clinical trial performed by Mintzer et al. (2021) suggested that Methylphenidate is an efficacious medication and can be considered safe to use in the treatment of apathy in AD (ClinicalTrials.gov Identifier: NCT02346201) [49].


        




        

          Rivastigmine




          Mechanisms of Action: Rivastigmine acts in postsynaptic clefts, inhibiting the metabolism of acetylcholine, and it has been considered a selective cholinesterase inhibitor, thus enhancing cholinergic neurotransmission. Rivastigmine is different from other cholinesterase inhibitors because it inhibits both enzymes acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE). This fact results in an increase of acetylcholine levels. AChE is mainly present in areas of the cerebral cortex that have high activity and at synaptic nerve junctions. However, the BuChE helps mediate cholinergic activity being found in the glial cells of the brain. In neurological disorders like AD and PD, it is observed the upregulation of these cholinesterase enzymes, being higher than in normal conditions [50].




          This drug was approved by FDA to treat mild to moderate dementia of Alzheimer’s type. Also, it can be used for the treatment of mild to moderate dementia in PD [51].




          Experimental Studies in other Diseases that Support their Use: Rivastigmine influences gain stability, reducing the risk of falls in patients with PD [52] and other studies proved that this drug, in older patients, decreases the incidence of postoperative delirium [53]. In multiple sclerosis patients it was tested the effectiveness of rivastigmine in order to check if the cognitive dysfunction was improved, but the studies showed no significant benefits for cognitive function when compared with placebo [54]. However, studies using Rivastigmine demonstrated cognition improvements in patients with Lewy bodies when compared to the placebo group. Such patients that received rivastigmine showed an improvement of 30% or more, as well as overall fewer episodes of hallucinations and anxiety [55].




          The clinical trial (Identifier: NCT02703636) has no results published until this moment, where this work aims to evaluate the efficacy of rivastigmine on cognitive function in the total score of MMSE in mild to moderate AD patients who failed to benefit from other cholinesterase inhibitors (ChEIs).


        




        

          Suvorexant




          Mechanisms of Action: Suvorexant is a basic diazepane structure considered dual orexin receptor antagonist and has a function for blocks of both OX1R and OX2R. Through this block occurs the inhibition of orexin A and B that promote wakefulness. The orexins are neuropeptides and their receptors are blocked using suvorexant, inducing sleep. The drug is hepatically metabolized mainly by CYP3A from two hours after ingestion during the half-life of 12 h [56]. These orexin neurons (more than 70,000), located in the perifornical lateral hypothalamus in the human brain, send signals to the spinal cord and spread to the brain [57, 58].




          Experimental Studies in other Diseases that Support their Use: Studies demonstrated the benefits, but side effects were observed, for example fatigue, next day somnolence, xerostomia and peripheral oedema being rarely reported cases of hallucinations, sleep paralysis and somnambulism. Suvorexant is expensive and has not been trailed against other hypnotics. It’s worth mentioning that it is very useful to insomnia but in patients with psychiatric disorders the real action is still unclear. The use of suvorexant should be considered where the established treatments demonstrated to be inappropriate [56].




          Outcomes from clinical trials using suvorexant in the prevention of delirium during the acute hospitalization have been positive [59]. The use of suvorexant can improve subjective sleep quality without inducing delirium in acute stroke patients during the ramelteon therapy [60].




          The clinical trial performed by Herring et al. (2020) [61] reported that suvorexant improved total sleep time (TST) in patients with clinical diagnostic criteria suggesting AD dementia and insomnia (ClinicalTrials.gov NCT02750306) [61].


        




        

          Zolpidem




          Mechanisms of Action: Zolpidem is FDA approved for short-term treatment of insomnia mainly to patients with difficulty to start sleep and is a non-benzodiazepine receptor modulator [62-64]. The medication is an imidazo-pyridine compound that acts like a GABAA receptor chloride channel modulator/agonist that increases GABA inhibitory effects by interaction with Omega-1 receptor subtype, upregulating these receptors leading to sedative effects and deep sleep [65, 66]. It also has other properties as anticonvulsant, anxiolytic, and minor myorelaxant, consequently increasing sleep duration in patients with insomnia [67, 68]. The use of Zolpidem does not cause any residual cognitive impairment in the next morning due to its pharmacokinetic profile [65].




          However, due to the high potential for abuse, this drug is not recommended for the general population as first-line treatment. Other drugs like controlled release melatonin and doxepin could be used as first line and still are recommended for sleep hygiene and cognitive behavioral therapy [69, 70].




          The clinical efficacy of this drug has been characterized by a rapid action on sleep-maintenance parameters, increasing stage 2 and slow-wave sleep, decreasing sleep-onset latency, thus, significantly improves sleep quality and duration, and reduces night-time awakenings [71]. Therefore, to patients that present troubles to achieving sustained sleep, zolpidem can be considered an appropriate treatment [65].




          Experimental Studies in other Diseases that Support their Use: Zolpidem has frequently been related to treatment of a variety of neurologic disorders such as movement disorders and disorders of consciousness [72]. Other improvements related to effects of Zolpidem are on JFK Coma Recovery Scale-Revised, the Unified Parkinson´s Disease Rating Scale, and the Burke-Fahn-Marsden Dystonia Rating Scale [72].




          Zolpidem did not show positive effects in patients with traumatic brain injury or post-anoxic encephalopathy, however, on brain functions in patients with non-brain stem injuries it was observed an improvement. Also, it was not detected a consistent positive effect of zolpidem in patients with disorders of consciousness [73].


        




        

          Zopiclone




          Mechanisms of Action: Zopiclone is considered a cyclopyrrolone agent indicated for use in short-term insomnia that improves the sleep time, awakenings, sleep quality and latency [74]. The drug involves allosteric modulation of the GABAA receptor, displacing the binding of [(3)H]-flunitrazepam with an affinity of 28 nM, and enhances the binding of the channel blocker [(35)S]-TBPS. This medication is metabolized by the cytochrome P450 enzymes CYP3A4 and CYP2C8 generating several metabolites (SPC). The consequence of this interaction with the GABAA receptor is to potentiate responses to GABA, as can be demonstrated by electrophysiological methods [75, 76].




          Experimental Studies in other Diseases that Support their Use: Zopiclone improves sleep quality in patients with chronic obstructive pulmonary disease [76]. In addition, it was proved that Zopiclone demonstrated positive aspects on early morning performance and residual sedative activity [77-79].




          The clinical trial performed by Louzada et al. (2022) [80] evaluated the use of zolpidem and zopiclone by AD patients considered insomniacs, suggesting that the short-term use appears to be clinically helpful, but it is worth mentioned that safety and tolerance remain subjects to be discussed and personalized in healthcare settings and in future investigations (ClinicalTrials.gov Identifier: NCT03075241) [80].


        




        

          AXS-05




          Mechanisms of Action: According to Axsome (2017) [81], the compound AXS-05 is composed of dextromethorphan and bupropion. The bioavailability of dextromethorphan following the inhibition of CYP2D6 is affected by addition of bupropion. AXS-05 is also in phase III studies being tested in patients with treatment resistant depression (TRD). A Fast Track Designation has been addressed this compound to TRD and AD.




          AXS-05 has been granted U.S. Food and Drug Administration Breakthrough Therapy designation for major depressive disorder, Fast Track Designation for treatment resistant depression, and Breakthrough Therapy and Fast Track designations for AD agitation. AXS-05 is not approved by the FDA.




          Experimental Studies in other Diseases that Support their Use: There are no experimental studies in other diseases.




          The clinical trial (Identifier: NCT03226522) has no results posted until this moment aiming to evaluate the effectiveness and safety of AXS-05 use in the treatment of Agitation in AD patients with Dementia.


        




        

          Umibecestat (CNP520)




          Mechanisms of Action: Umibecestat (named CNP520) is an orally active inhibitor of beta-site amyloid precursor protein (APP) cleaving enzyme (BACE) that is involved in APP processing and has approximately 3-fold selectivity for BACE-1 over BACE-2 and no relevant off-target binding or activity [82].




          Experimental Studies in other Diseases that Support their Use: Following single and multiple dose administration of CNP520 in animals and humans, Aβ concentrations in cerebrospinal fluid were reduced by up to 95% compared with baseline, and results of toxicology studies have not raised major safety concerns [83].




          The clinical trial (Identifier: NCT03131453) was terminated due to safety issues where the main objective was to evaluate the effects of CNP520 on cognition, global clinical status, and underlying AD pathology.


        


      


    




    

      PARKINSON'S DISEASE




      Multiple anatomical structures degeneration within the brain is the hallmark of a neurodegenerative disorder that manifests as Parkinsonism [84]. Human postmortem studies show that individuals have a neuronal loss in the substantia nigra pars compacta, locus coeruleus, and other neuronal populations [85]. It is a clinical syndrome based on three cardinal motor manifestations, which present themselves with any combination of bradykinesia, rest tremor, and rigidity [86]. These features must be observable and not attributable to confounding factors [86]. Postural instability and other motor and non-motor symptoms may also be present [85]. The most prevalent form of parkinsonism is PD, with an incidence rate of 14.2 per 100,000 person-years [86]. The incidence and the duration of illness are the determinants of its prevalence—the incidence of PD links to the risk factors and protective ones [87].




      

        Etiopathogenesis and Physiopathology




        There is a debate about the pathogenesis of PD and the relative contribution of genetics, environmental, and lifestyle factors [85]. PD's most critical risk factor is age, with a median onset of 60 years old [85]. The frequency is higher in men than in women (ratio ranges from 1.3 to 2.0), but differences in the prevalence of cigarette smoking behavior, postmenopausal hormones, and caffeine intake may influence the incidence [85]. As in other neurodegenerative disorders, age-related biological dysfunction may support and clear the way for neuronal demise [85]. These factors include ubiquitin-proteasome and autophagy-lysosomal system disturbances, mitochondrial defects, telomere dysfunction, genomic instability, and epigenetic changes [85]. In addition, several gene mutations are genetic risk factors for developing PD, like SNCA, PINK1, PARK2, PARK7, PLA2G6, FBXO7, ATP13A2, and LRRK2 [88].
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